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THE ‘“‘PNEUMOMASSAGE”’ OF THE HEART 
EXPERIMENTAL RESEARCH 


ApRIANO BencinI, M.D.,* aANp Prer Luict Paroua, M.D.,** Miuan, ITALy 


(From the Center for Heart Surgery—Ezxperimental Laboratory, Institute of Surgical 
Pathology, University of Milano*** ) 


HREE methods have been devised to maintain the blood flow through the 

vascular system during so-called ‘‘cardiae arrest’’ (cardiac standstill or 
ventricular fibrillation), which eventually occurs in the course of clinical or 
experimental practice of surgery. These are: (1) cardiac massage’*; (2) 
extracorporeal circulation®-*°; and (3) rhythmical electrical stimulation by an 
artificial pacemaker.**-*7 

The widespread dissemination given to these methods in medical literature 
will permit us to dispense with them by specific mention of each. It should 
be noted, however, that the most frequently used of the three methods, because 
of its easy actuation, the lack of necessity for special instruments, and its appli- 
cability to every type of circulatory arrest, is cardiac massage. 

Until now cardiac massage has been carried out by rhythmical manual 
compression of the heart extra- or intrapericardially. We have devised and 
experimented with a new method consisting of the rhythmical insufflation of 
gas into the pericardial cavity. The procedure has been named by us ‘‘pneumo- 
massage. ’’ 

The pericardium is a quite inelastic membrane and an increase of pressure 
in its cavity should result in compression of the heart, just as happens in the 
well-known syndrome called ‘‘pericardial tamponade. ”’ 


Pericardial Resistance Against Tension.—To test the pericardial resistance 
against raised internal pressure, we carried out a number of experiments on 
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** Assistant at the Institute of Surgical Pathology, University of Milano; Surgeon in the 
Ospedale Policlinico, Milano. 

***Director: Professor Guido Oselladore. 


375 











376 BENCINI AND PAROLA vy, Sung 
" arch, 195¢ 
dogs and human eadavers. For our purpose, we injected gas, slowly, into the 
pericardial cavity until the breakage of the membrane was effected. 

A maximum manometer was used to record the breaking pressure. 

The results of these experiments are reported in Table I. 

















TABLE I. 
DOG HEART HUMAN HEART 

DOG WEIGHT MM. HG BREAKAGE AGE MM. HG BREAKAGE 
NO. (GM.) | PRESSURE (YEARS) SEX PRESSURE 

1 7,200 410 25 M 930 

2 9,630 460 80 F 720 

3 23,050 520 7 F 750 

+ 12,700 520 18 M 1,125 

5 28,000 500 3 M 600 

6 5,250 390 36 M 710 

7 14,400 435 8 M 680 

8 3,950 350 63 M 930 

9 9,100 385 | 54 F S80 
10 19,450 470 





The data obtained were considered satisfactory and largely exceeded the 
maximal pressures necessary for effective squeezing of the heart and efficient 
circulation. 

The Apparatus.—The apparatus for the actuation of ‘‘pneumomassage’’ is 
very simple. It consists of: (1) a specially designed metallic cannula to be 





Fig. 1.—The metallic cannula to be introduced into the pericardial cavity, as shown in 
Fig. 2. Internal diameter of the channel is 3 mm.; diameters of the terminal oval-shaped 
oe intended for holding the border of the aperture made in the membrane, are 15 
y 11 mm. 


introduced through a small hole in the pericardium and held in place by 
means of a screw device (Fig. 1) ; (2) a system for the rhythmical insufflation 
of the gas. It may be a rubber ball with elastic walls to be compressed 
manually, or an oxygen tank whose continuous flow is rhythmically deviated 
through a glass T tube (Fig. 2). 
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Consistently good results have been obtained with each of the two methods. 
It should be possible to construct easily a completely mechanical apparatus 
using, for example, a device similar to a ‘‘Spiropulsator,’’ but capable of pro- 
viding pressures as high as 160 to 200 mm. Hg. 


Animal Experiments.—Experiments were performed on a total of 20 mon- 
erel dogs. After Pentothal induction and endotracheal ether-oxygen anesthesia, 
the left hemithorax was entered, and, without injuring the pericardium, 
ventricular fibrillation was produced with electrical shocks provided by our 
fibrillator-defibrillator apparatus described in preceding papers.!* 78 

Immediately afterward, the cannula was introduced into the pericardial 
cavity (an operation which requires about 30 to 45 seconds’ time) and 
rhythmical insufflation of gas was begun. Maximal blood pressure recorded 








Fig. 2.—Schematic drawing a. possibilities of actuation of pneumomassage with either a 
rubber ball or an oxygen tank. 


at a femoral artery by a kymograph or a Sanborn electrical manometer increased 
in every dog from 0 to 50 to 100 mm. Hg and persisted at such a level for 
the entire period of ventricular fibrillation and pneumomassage (up to 60 
minutes in some eases). The endopericardial pressure of gas varied periodically 
from 0 to 140 to 160 mm. Hg. Higher gas pressures did not result in further 
increase of the maximum blood pressure. The rate of gas insufflations was 
about 60 per minute (Fig. 3). In some animals, after different periods of 
pheumomassage, the pericardium was opened and the heart’s surface directly 
observed. Simple observation always showed a myocardial color testifying 
to perfect oxygenation and ventricular fibrillation with quick, strong waves. 
The pneumomassage was maintained, in our experiments, for periods of time 
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' Fig. 4.—Electrocardiographic and electromanometric records by a Sanborn Polyviso, taken 
in the same dog under different experimental conditions. The pressures are recorded simultane- 
ously from the right atrium, the jugular vein. and the femoral artery. 

’ A, During normal cardiac activity. Maximal pressures in the right atrium and in the 
jugular vein are both about 13 cm. H2O. In the femoral artery, 120 mm. Hg. 
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Fig. 4 (cont’d).—B, During ventricular fibrillation and manual massage. Maximal _ pres- 
sures in the right atrium and in the jugular vein are approximately equal, both reaching 29 cm. 


H:O. In the femoral artery, 75 mm. Hg. 
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Fig. 4 (cont’d).—C, During ventricular fibrillation and é Taxi 

j ; ” 3 pneumomassage. Maximal pressure 
in the right atrium reaches 150 mm. Hg, whereas in the jugular vein it is only 2 

the femoral artery it is 100 mm. Hg. Pe ee 
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ranging from 10 to 60 minutes. Finally, in each of the 20 dogs, defibrillation 

was achieved with the first electrical shock (220 volts, 314 amperes) (Fig. 3). 
To the method here described two main objections could be raised: 


(1) Venous reflux, for whereas manual massage compresses mainly the 
ventricles, pneumomassage compresses at the same time the ventricles and 
atria, which would lead one to presume that the latter method could cause a 
large venous reflux into the venae cavae. Therefore, we measured the blood 
pressure in the external jugular vein, in the inferior vena cava, and in the 
right atrium during pneumomassage, and, for comparison, during manual! 
massage. During the artificial systole of pneumomassage, the records obtained 
by Sanborn electrical manometers showed a remarkable increase in atrial 
pressure exceeding arterial pressure, owing manifestly to the thinness of atrial 





Fig. 5.—Left cardiography obtained by injecting Diodrast through a pulmonary vein. 
In the right half of the heart, not obscured by contrast medium, the filled coronary branches, 
indicated by little arrows, may be clearly seen. Larger arrows point out, respectively: | 4, 
the metallic cannula for intrapericardial gas insufflation; b, the plastic cannula through which 
Diodrast is injected into the left inferior pulmonary vein. 


walls (Figs. 4, A, B, and C). On the other hand, in the jugular vein, the 
pressure was only slightly greater than that recorded during normal cardiac 
activity. Besides, the systolic phase of manual massage caused a parallel 
increase of atrial and jugular pressure, the latter being higher than that pro- 
duced by the pneumomassage. 

It is evident that during pneumomassage there is compression also of the 
intrapericardial portion of the ecavae. This creates a functional valve acting 
in the systolic phase and prevents too great an increase of venous blood pressure. 
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(2) Impaired coronary circulation since intrapericardial gaseous hyper- 
tension, with its acme during the peak of the systolic elevation of aortic 
pressure, could be presumed to check blood flow through the coronary vessels. 
Our observations, which showed a good color of the myocardium and quick, 
strong fibrillatory waves after long periods of pneumomassage, would tend to 
convince us that such is not the case. To substantiate this, a left cardiography 
was carried out by injecting Diodrast into a pulmonary vein during the pro- 
cedure. In the right half of the heart, not obscured by contrast medium, the 
filled coronary branches may be clearly noticed (Fig. 5). 


COMMENT 


It is possible to support sufficient blood circulation during long periods 
of cardiac standstill or of ventricular fibrillation by means of ‘‘pneumo- 
massage,’’ and then to return the heart to a thoroughly normal activity. 

The method has some limitations owing mainly to the technical necessity 
of an intact pericardium and to the short time required for cannulation. On 
the other hand, it affords, in proper eases, definite advantages in comparison 
with manual massage. Whereas the latter is always more or less traumatizing 
(recently, some cases of heart rupture have been reported***'), the former 
causes uniform compression without particular spots of localized traumatism. 
Another benefit afforded by the pneumomassage is the prevention of fatigue 
imposed by the manual method, especially when the maneuver has to be carried 
out for a long time and two or more qualified persons are not available to 
relieve one another, 

Ultimately, pneumomassage may become a useful technique to be adopted 
for experimental research on long-standing cardiac arrest and also, we deem, 
in selected human cases. Further studies will allow us to recognize with 
more accuracy the limits of utility of the method. 


SUMMARY 


A new method is described for the maintenance of the circulation during 
periods of circulatory arrest. It consists of the rhythmical insufflation of gas 
into the pericardial cavity with resulting rhythmical compression of the heart. 
Experimental evidences of the usefulness and applicability of the technique 
are included. 
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VASCULAR RESPONSES TO INTRA-ARTERIAL DIODRAST 
AND UROKON DURING ARTERIOGRAPHY 


Rosert S. SHaw, M.D., Boston, Mass. 


(From the Department of Surgery of the Harvard Medical School and the Surgical Services 
of the Massachusetts General Hospital) 


Paha arterial insufficiency and gangrene complicating arteriography with 
organic iodine compounds has been reported on several oceasions,’~* and 
its possibility is a source of concern to anyone performing this procedure. 
The mechanism of this accident is not clear. There is doubt as to whether 
it results from thrombosis due to the trauma of the arterial puncture or 
from some direct effect of the injected dye. 

In the past two years, two instances of severe, prolonged arteriospasm 
following femoral arteriography have been encountered in this clinic. In 
both cases the degree of ischemia was alarming, with accompanying motor 
and sensory defects, but there was recovery of the extremity to the admission 
status after several hours. Gross evidence of ischemia appeared immediately 
after injection of dye, not after the arterial puncture. During this two-year 
period well over one hundred femoral arteriograms were performed without 
observing this phenomenon. The two cases mentioned were unique in that 
unusually high concentrations of dye were present in the artery. In one ease 
70 per cent Diodrast was used instead of the usual 35 per cent, and in the 
other the arteriogram was performed below an iliae artery obstruction where 
there was essentially no dilution of dye by blood. 

Since the aforementioned eases strongly suggested that a direct vasospastic 
effect of the intra-arterial Diodrast was active, the following study was under- 
taken to gain insight into the mechanisms involved. 


METHODS 


Observations were made on patients having angiography in the course of their clinical 
work-up. Toe plethysmographic oscillations were recorded to measure peripheral circulatory 
responses. A base-line record was obtained after pulsations had stabilized following insertion 
of the needle. Records were taken during injection and were continued for about fifteen 
minutes or until pulse oscillations had returned to the original magnitude. Observations were 
made at the ordinary room temperature of the X-ray Department without any special effort 
being made to control vasomotor state. For femoral arteriography 30 c.c. of warm 35 per cent 
Diodrast or Urokon was injected in from three to five seconds through a No. 18 needle. 
Warm 70 per cent Urokon was used for aortography and angiocardiography. Twelve patients 
were studied during 18 femoral arteriograms, 12 using Diodrast and 6 with Urokon. Three 
patients were studied during lumbar aortogram. All these patients had some degree of 
arteriosclerotic obliterative disease. Four additional patients without peripheral arterial 
insufficiency were studied during angiocardiography. 

Assistant in Surgery, Massachusetts General Hospital; Instructor in Surgery, Harvard 


Medical School. 
Received for publication June 17, 1955. 


385 

































PLETHYSMOGRAPHY— cumm,/5-0 CC. PART 


Arteriography.—Three patterns of response were noted in toe pulsation 
1. Most common was an immediate decrease in 
oscillation, pulses disappearing or nearly so; this was followed in one to 
six minutes by an increase in oscillations above the original level (Fig. 1). 
This response was seen in 10 of 15 patients. 
showed this striking decrease in oscillations, followed in three to thirteen 
minutes by an increase in oscillations to, but not beyond, the previous level. 
3. The remaining 2 patients showed an abrupt increase in oscillations without 
evidence of vasoconstriction. 
There was a rough correlation between the intensity and duration of the 
initial vasoconstriction and the severity of the patient’s ischemic disease. 
The patient with the most severe ischemia by clinical estimate did not regain 
oscillation for thirteen minutes after injection of Diodrast. 
the limb appeared quite cadaveric. 


following arteriography. 
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Fig. 1.—Toe pulses during femoral arteriography in a patient with a right lumbar sym- 


pathectomy. 


Degree of constriction correlated from toe plethysmographic pulse tracings ob- 
tained during arteriography. 


Evidence of immediate vasoconstriction in the injected extremity was 


The contralateral limb in most 





present in 3 sympathectomized limbs (Fig. 1), and neither of the 2 cases failing 
to show this response had lumbar sympathectomy. 
instanees showed evidence of a slight 
transient vasoconstriction immediately after injection followed by increase 
in pulsations to a degree slightly above the base-line value. 
vasoconstriction was minimal or absent when the arteriogram was unaccom- 
panied by pain and did not appear in sympathectomized limbs (Fig. 1). 

There was no significant difference in the effects of Diodrast and Urokon 
in this series. 


This contralateral 









Lr , VASCULAR RESPONSES TO DYES IN ARTERIOGRAPHY 8387 
Number 


Angiocardiography.—Four patients were studied during angiocardiography. 
Here the dye was given intravenously and was accompanied by relatively little 
pain. In all these cases there was a striking increase in the magnitude of 
plethysmographie oscillations, preceded in two instances by a very slight and 
transient decrease. 


DISCUSSION 


A reversible decrease in the magnitude of toe plethysmographic oscillations 
in the absence of major changes in central arterial pressure can be presumed to 
indicate constriction or spasm somewhere in the arterial tree of the limb. The 
method does not permit localization of the site of the spasm. 

In 13 of 15 patients receiving intra-arterial injection of Diodrast or 
Urokon, there was immediate and profound vasoconstriction lasting from two to 
thirteen minutes. This vasoconstriction is independent of the sympathetic 
innervation and is presumed to be the result of a direct effect of the dye on the 
arteries. 

These drugs appear to be vasodilating agents in dilute solution. An 
increase in plethysmographic oscillations in the uninjected limb was noted 
during recirculation of the dye following arteriography. During angiocardiog- 
raphy, where the dye entered the legs well mixed with blood, consistent vaso- 
dilatation was noted. Flushing and subjective feelings of warmth are commonly 
observed during angiography and were observed here coincident with the 
inerease in oscillations. 

The early transient vasoconstriction observed in the contralateral legs was 
apparently a ‘‘startle’’ reaction since it was correlated with the degree of pain 
accompanying injection and was not seen in sympathectomized extremities. 

Jepson and Simeone?’ performed similar experiments using Diodrast, sodium 

iodine, and Thorotrast on dogs, and using Diodrast on a very limited group of 
patients without severe arterial disease. They also found vasoconstriction and 
later vasodilatation independent of the sympathetic nervous system. However, 
with one exception which was blamed on apprehension, vasoconstriction did not 
last longer than two to three minutes and was not impressive in degree. These 
authors coneluded that vasoconstriction from the dye injection was insufficient 
to account for the reported cases of postarteriogram thrombosis. They suggested 
that intimal trauma and traumatie arteriospasm from the puncture were more 
likely to blame. 
In the present study the degree and duration of vasoconstriction were 
considerably more impressive than in Jepson and Simeone’s report, probably 
because the study included more human observations and observations on 
ischemic rather than normal limbs. It was in the severely ischemic that the 
striking degrees of spasm were observed. 

Vasoconstriction with arteriography would appear to be a direct effect of 
the dye on the perfused vessel and might be considered a minimal degree of 
traumatic arteriospasm, The spasm-producing intensity of the stimulus may be 
a function of both the dye concentration and the length of time dye remains in 
contact with the vessel. When the stimulus is sufficiently strong, frank traumatic 
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arteriospasm involving a major portion of the arterial tree may result. On 
need not presume spasm in the femoral artery to explain thrombosis in this 
artery. Diffuse spasm in all distal branches would result in great slowing o! 
the stream in the parent vessel. Thrombosis of arteriosclerotie vessels unde1 
condition of slow flow is a well-recognized danger not infrequently seen com- 
plicating hypotensive states. 

The profound arteriospasm of several hours’ duration observed in the two 
eases mentioned in the introduction to this paper presumably represented 
instances of severe traumatic arteriospasm inaugurated by the irritant effects 
of the dye. When performing an arteriogram through a vessel transmitting an 
unusually slow flow of blood, it would seem desirable to inject a smaller amount 
of dye and inject it more slowly than is customary. Arteriograms of spectacular 
brilliance are obtained by using standard injection techniques under such eir- 
cumstances, but this brilliance comes from an unusually high concentration of 
dye which may lead to disaster. 


SUMMARY 


Circulation in extremities undergoing arteriography with Diodrast or 
Urokon was studied by means of toe plethysmography. In most eases there was 
evidence of an immediate and striking degree of arteriospasm on intra-arterial 
injection of dye, followed in a few minutes by vasodilation. This vasoconstriec- 
tion was of greatest degree and duration in the more severe cases of ischemia. 
Caution is recommended in the performance of arteriograms in the presence of 
ischemia, lest the resulting vasospasm lead to thrombosis. 
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TREATMENT OF ANOMALOUS PULMONARY VENOUS CONNECTIONS 
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(From the Sections of Surgery and Physiology, Mayo Clinic and Mayo Foundation* ) 


HE anatomic condition in which a pulmonary vein fails to join the left 

atrium but instead joins the right atrium or a systemic vein is referred to 
as an anomalous pulmonary venous connection. Frequently this condition is 
associated with an atrial septal defect. It has been stated that the association 
of an atrial septal defect and anomalous pulmonary venous connection pre- 
cludes the opportunity to repair both. It has been our experience, however, 
that an accurate preoperative diagnosis may permit the surgeon to utilize a 
technique which will allow the correction of both defects at the same pro- 
cedure. 

Bailey’ * has reported his experience and that of his associates in the 
surgical management of 7 patients having atrial septal defects with associated 
anomalous pulmonary venous connection. His method of atrio-septo-pexy was 


employed in each case. Two of these patients died postoperatively. Of the 


remaining 5, 2 were studied postoperatively by cardiae catheterization. In 
one of them complete closure of the defect and normal drainage of the 
anomalously connected right pulmonary veins were demonstrated. 

In 2 of the first 11 cases of interatrial septal defect in which the patient 
was operated upon under direct vision with the aid of hypothermia by Lewis 
and his associates,’ the right pulmonary veins entered the right atrium to the 
right of the defect. Details of the management and results in these cases were 
not given. In another case an anomalous right pulmonary vein entered the 
superior vena cava. This defect was not corrected at the time of closure of 
the atrial septal defect. 

Gross and Watkins‘ have encountered eases of atrial septal defect asso- 
ciated with right pulmonary veins connected anomalously with the right 
atrium. They have advocated correcting both defects simultaneously by the 
atrial ‘‘well’’ technique. Mattress sutures are passed through the posterior 
wall of the right atrium to the right of the anomalously connected veins and 
the anterior rim of the atrial septum is caught by these sutures, which are then 
brought outside of the heart adjacent to this point of entrance and tied. The 
atrial septum is then in contact with the posterior wall of the right atrium to 
the right of the pulmonary veins and both atrial septal defect and anomalously 
connected veins are anatomically corrected. 


Received for publication June 27, 1955. 
*The Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
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This combination of defects was encountered by Muller and associates® on 
two occasions in a series of 18 surgical cases of atrial septal defect. In one 
ease 2 of the right pulmonary veins entered the superior vena cava 3 em. 
proximal to its entrance into the right atrium while 2 other right pulmonary 
veins entered the right atrium itself. A high lateral septal defect was present 
and repair was effected by use of atrio-septo-pexy. In another patient with 
anomalous connection of the right pulmonary veins, the atrial-well technique 
was employed. The anterior rim of the atrial septum was sutured to the right 
of the point where the pulmonary veins entered the right atrium. Neither of 
these patients had been studied by postoperative cardiac catheterization at 
the time of their report. 

We have had experience with the management of anomalous pulmonary 
venous connection in association with interatrial communications in 6 of 33 
patients having atrial septal defect with left-to-right shunt in whom operation 
was performed. None of the 6 patients died. In the first of the 6 patients an 
incomplete repair was obtained, but in the ensuing 4, the repair was complete 
as judged by postoperative cardiac catheterization. In the last case, a 
residual small right-to-left shunt was present when the patient was studied in 
the early postoperative period. Brief reports of these 6 cases will be presented 
and problems relative to their management will be discussed. Preoperative 
and postoperative cardiac catheterization studies were carried out on all 
patients and the details of these studies have been presented elsewhere by 
Kirklin and associates.*-** 


CASE REPORTS 


CasE 1.—A 43-year-old housewife sought medical attention at the Mayo Clinic because 
of gradually increasing dyspnea and fatigue. On the basis of clinical findings, a diagnosis 
of a large atrial septal defect with a very large left-to-right shunt was made. Cardiac 
catheterization disclosed a large atrial septal defect with marked preferential shunting 
of the blood from the right lung. At operation a large atrial septal defect and anomalous 
connection of the veins of the right lung to the right atrium were found. A partial closure 
of the defect was accomplished by means of an Ivalon-sponge plug, but it was known that 
a defect remained posteriorly. 

Unfortunately, in this, our first operated case of atrial septal defect, postoperative 
sardiac catheterization performed one year later showed a large, persisting left-to-right 
shunt. The result in this case is considered unsatisfactory. 


CASE 2.—This case has been reported in detail elsewhere by Geraci and one of us 
(J. W. K.).6 Briefly, it concerns a 32-year-old man who complained of progressive easy 
fatigability and dyspnea, after mild exertion, of one year’s duration. After preliminary 
studies a clinical diagnosis of either an atrial septal defect or an anomalous pulmonary 
venous connection was made. The data obtained at cardiac catheterization demonstrated 
complete anomalous pulmonary venous drainage from the left lung, associated with a small 
atrial septal defect. A common left pulmonary vein drained into the left innominate vein 
and the catheter tip was passed into this vessel during the study. 

Because the intracardiac shunt was minimal, only correction of the anomalously con- 
nected left pulmonary vein was carried out. This vein, which drained into the left in 
nominate vein, was disconnected and implanted into the left atrial appendage. Clinically, 





*Cases 1, 3, 4, 5, and 6 reported herein correspond to Cases 
respectively, reported by Kirklin and associates.*®§ 
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the patient lost his fatigability and dyspnea on effort. Cardiac catheterization two weeks 
after surgical intervention showed evidence of a small left-to-right shunt through the 
atrial septal defect, and normal drainage from the left lung. The result is considered 
excellent. 

CASE 3.—A 23-year-old man was known to have had a heart murmur for seven years. 
His chief complaint consisted of easy fatigability and dyspnea on exertion. A clinical 
diagnosis of atrial septal defect had been made at his first admission seven years previously. 
Because of the progression of symptoms, operation was considered and cardiac catheteriza- 
tion carried out. An atrial septal defect with a large left-to-right shunt was demonstrated. 
In addition, anomalous pulmonary venous connection of a right pulmonary vein to the 
junction of the right atrium and superior vena cava was indicated from the saturation 


data and from indicator-dilution curves. 
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Fig. 1.—Anatomic findings encountered in Case 3. a, A moderate-sized posteriorly placed 
atrial septal defect was associated with anomalous connection of the superior pulmonary vein 
to the superior vena cava and right atrium; b, surgical correction was accomplished by place- 
ment of an Ivalon sponge as indicated. 


Surgical repair was undertaken by the use of the atrial well (Fig. 1). A moderate- 
sized, posteriorly placed atrial septal defect was present. The superior pulmonary vein 
entered the superior vena cava at the junction of this vessel with the right atrium. The 
right inferior pulmonary vein entered the left atrium. An Ivalon sponge was sutured in 
place to close the defect and direct the blood from the anomalously connected superior 
pulmonary vein into the left atrium. 

At follow-up examination six months later, the patient had no complaints. The heart 
had decreased in size as measured by thoracic roentgenograms, and cardiac catheterization 
studies showed no shunt. 


CasE 4.—A 32-year-old housewife had been seen at the Mayo Clinic on several previous 
occasions because of heart disease. She had had a recent episode of pericarditis with peri- 
cardial effusion from which she had made an uneventful recovery. A clinical diagnosis of 
atrial septal defect was made and, at cardiac catheterization, this diagnosis was confirmed. 
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In addition, indicator-dilution curves suggested an anomalous connection of the veins 
draining the right lung. A left-to-right shunt of approximately 50 per cent was present. 

At operation, a large anomalous pulmonary venous trunk was found which drained 
the entire right lung (Fig. 2). This pierced the diaphragm to enter the inferior vena 
cava. There was, in addition, an atrial septal defect measuring about 2.5 by 2 em. with 
the remnant of the atrial septum rather far to the left. The orifice lay about 2 em. 
cephalad to the entrance of the inferior vena cava into the atrium. The anomalous trunk 
was disconnected from the inferior vena cava after temporarily occluding the right pul 
monary artery. After placing appropriate clamps, an incision was made in a portion of the 
posterior wall of the atrium judged to be about opposite the atrial septal defect. Actually, 
this was in the right rather than the left atrial wall. An anastomosis between the 
anomalous trunk and the right atrium was made with continuous 5-0 silk stitches bringing 
the vein to the endocardium of the atrial wall. Several additional stitches were required 
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Fig. 2.—Anatomic findings encountered in Case 4. a, An atrial septal defect was as- 
sociated with a single venous trunk draining the entire right lung and connected anomalously 
to the inferior vena cava; b, surgical correction was accomplished by disconnecting the 
anomalous vein, implanting it into the right atrium, and diverting its blood flow through the 
defect into the left atrium by atrio-septo-pexy as indicated. 


for hemostasis. With a finger inside the heart after anastomosis was completed, it was 
found that the stoma would admit the index finger. By the use of the Bailey technique 
the posterior atrial wall was joined to the atrial septum with a series of interrupted silk 
stitches tied down over Ivalon sponges. This, then, closed the anterior, cephalic, and 
caudal edges of the defect. The new anastomosis of the right pulmonary vein now drained 
through the defect directly into the left atrium. Studies made at conclusion of repair 
while the patient was still on the operating table confirmed the completeness of the repair. 

Convalescence was uneventful. Postoperative roentgenograms of the thorax showed 
that both lung fields were quite clear. The patient has noticed an increase in her tolerance 
for exercise. 
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CASE 5.—A 22-year-old man came to the Mayo Clinic because of gradually increasing 
intolerance for exercise. A clinical diagnosis of an atrial septal defect with a large pulmonary 
flow was made. Cardiac catheterization gave evidence of a large atrial septal defect plus 
an anomalous connection of the right lung to the right atrium. At operation, it was noted 
that the veins of the right lung joined the mid-portion of the right atrium. Exploration 
through the atrial well disclosed a large atrial septal defect measuring about 5 em. in 
length and 2.5 em. in width. There was no remnant of septum posteriorly and the orifices 
of the vein lay to the right of the plane of the septum (Fig. 3). A plug of Ivalon sponge 
was sutured into place to close the atrial septal defect and to divert the blood from the 
right lung into the left atrium. 

The convalescence was uneventful and postoperative cardiac catheterization six 
months later showed complete repair of the defect. 





Fig. 3.—Model showing anatomic findings encountered in Case 5. <A large atrial septal 
defect was associated with anomalous connection of both superior and inferior pulmonary 
veins to the right atrium. Surgical correction was accomplished through the atrial well by 
suturing an Ivalon sponge (crosshatched area) into place to close the atrial septal defect and 
to divert the blood from the right lung into the left atrium. 


CasE 6.—A 23-year-old woman gave a history of seven years of increasing dyspnea 
associated with easy fatigability. A clinical diagnosis of pulmonary hypertension, due either 
to ventricular septal defect or to patent ductus arteriosus, was made. Cardiac catheterization 
was carried out and, on the basis of the findings, a diagnosis was made of atrial septal defect 
and anomalous connection of the pulmonary vein from the right upper lobe to the superior 
vena cava. Pulmonary hypertension and a bidirectional shunt were present. 

Surgical repair was advised and at the time of exploration an atrial septal defect 
measuring 4 by 3 em. was present, situated near the superior vena cava (Fig. 4). In addition 
the patient had a patent foramen ovale. The pulmonary vein draining the upper lobe entered 
the superior vena cava just distal to the entrance of the azygos vein, about 2 em. proximal 
to the point where the superior vena cava entered the right atrium. 

It was felt that repair by the technique described for Cases 1, 3, and 5 was not 
feasible since the anomalous vein entered the vena cava relatively far from the atrial 
Septal defect. A reimplantation of the vein into the right atrium, permitting closure of 
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the interatrial communication as in Cases 1, 3, and 5, would have been nearly ideal. Th: 
severe pulmonary hypertension made the necessary temporary occlusion of the right 
pulmonary artery too hazardous to allow this. Surgical repair was carried out by employ 
ing a modification of Bailey’s method of atrio-septo-pexy. With one finger through the 
auricular appendage, the wall of the right atrium was sutured to the anterior edge of the 
septal defect and to the septum around the foramen ovale. The suture line was con- 
tinued cephalad, dividing the superior vena cava into two tubes. The posterior tube 
contained the entrance of the anomalously connected vein and blood from this vein was 
thereby directed into the left atrium through the septal defect already excluded from the 
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Fig. 4.—Anatomic findings encountered in Case 6. a, An atrial septal defect and patent 
foramen ovale were associated with anomalous connection of the pulmonary vein draining the 
right upper lobe with the superior vena cava; b, surgical correction was carried out by atrio- 
septo-pexy as indicated. 


right atrial cavity by atrio-septo-pexy. The anterior tube directed blood from the vena 
“ava directly into the right atrium. Some elevation of pressures in the superior vena 
cava was demonstrated while the patient was on the operating table. Studies at this 
time demonstrated that the left-to-right shunt had been abolished but that a small right-to- 
left shunt persisted in the region where the superior vena cava joined the right atrium. 

The patient’s convalescence was uneventful. Cardiac catheterization was again 
carried out two weeks after operation, at which time the pressure in the superior vena 
“ava was normal but the small right-to-left shunt persisted. 
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ANATOMIC CONSIDERATIONS 


Anomalous pulmonary venous connections more commonly involve the 
veins of the right lung than they do the veins of the left lung. The sites of 
termination of the anomalous veins in order of descending frequency are the 
superior vena cava, the right atrium, the left innominate vein, the coronary 
sinus, and the azygos vein. Less common sites are the portal vein, the ductus 
venosus, the inferior vena cava, and the left subclavian vein. 

An atrial septal defect, either small or large, is often present in associa- 
tion with anomalous pulmonary venous connections. The presence of these 
two defects together poses certain problems both in diagnosis and in evalua- 
tion of the physiologic defect. 


PHYSIOLOGIC CONSIDERATIONS 


Partial anomalous pulmonary venous connection, that is, the anomalous 
connection of a portion of or all of one lung, produces a left-to-right shunting 
of blood. That is to say, fully oxygenated blood drains, directly or by means 
of some tributary, back into the right atrium; thereupon the blood must again 
recirculate through the lungs. The physiologic effect, then, is similar to that 
produced by an uncomplicated atrial septal defect. This fact poses some 
problems in the identification of anomalous pulmonary venous connection 
whether it occurs alone or in combination with an atrial septal defect. This 
is complicated still further by the fact that when large left-to-right shunts are 
present in patients with atrial septal defects, it is often possible to demonstrate, 
by means of indicator-dilution technique, that the major portion of the fully 
oxygenated blood entering the right atrium originates from the right lung. 
This occurs because as the right pulmonary veins enter the left atrium they 
lie very close to the atrial septum. 

The diagnosis of atrial septal defect or anomalous pulmonary venous con- 
nection must be entertained if, during cardiac catheterization, a sample of 
highly oxygenated blood is obtained from the right atrium. If blood of high 
oxygen saturation is obtained from the superior vena cava, then it is probable 
that an anomalous pulmonary vein drains blood into the left innominate vein 
or superior vena cava. A comparable state may be found if the anomalous 
vein drains into the inferior vena cava or one of its tributaries. The cuvette 
oximeter is of inestimable value in the demonstration of atrial septal defects 
or anomalous pulmonary venous connections during eardiae catheterization. 
The oxygen saturation of the samples of blood drawn from the catheter may 
be determined within a few seconds so that the site of arterialization may be 
located with considerable precision. Further manipulation of the catheter in 
this region may result in its passage into an anomalous vein and thus in the 
identification of the anatomic location of this vein. 

As has been outlined by Swan and associates” '° in previous communica- 
tions, the use of indicator-dilution curves after injection of Evang blue dye 
(T-1824) into the chambers of the heart and great vessels offers a more precise 
differentiation of the defects under consideration. Thus, if dye is injected 
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into the right and left pulmonary arteries, the vascular pathway from eac! 
lung will determine, to a large extent, the resulting dilution patterns of th: 
dye. A detailed analysis of the technique utilized for this is not within th: 
scope of this communication. 


SURGICAL CONSIDERATIONS 


The surgical technique to be employed in a given case depends upon the 
anatomic sites of the anomalous pulmonary venous connections, on the impor 
tance of the associated atrial septal defect should one be present, and on 
associated conditions such as pulmonary hypertension. 


Transplantation of Anomalous Vein.—In Case 2 of this series, it was 
determined that an anomalous pulmonary venous connection of the entire 
left lung existed and that the blood from this lung drained by means of a 
single trunk into the left innominate vein. It also was known that a small 
atrial septal defect existed. It was established at cardiac catheterization that 
the shunt across this defect was small. The decision, therefore, was made for 
a direct attack on the anomalous pulmonary venous connection, ignoring the 
small atrial septal defect. In Case 4 of this series, the anomalous pulmonary 
venous connection of the right lung to the inferior vena cava made it necessary 
to make a direct attack on the anomalous vessel, but a large atrial septal defect 
required closure as well. 

A direct attack on the anomalous venous connection necessitates the dis- 
connection of the anomalous trunk from its site of termination and reimplanta- 
tion of it by some method into the left atrium. The experimental basis for 
this has been well laid by the work of Gerbode and Hultgren’? who demon- 
strated that such anastomoses healed well and would remain patent, provided 
certain technical precautions were made. In the two cases of this series in 
which the large anomalous vein was disconnected and implanted into the 
atrium, the anastomosis was made with fine silk sutures uniting the vein to 
the endocardium. The rest of the atrial wall was then sutured over this first 
suture line, thus obtaining hemostasis. Hemostasis is more difficult to obtain 
with this anastomosis, in our limited experience, than it is in the usual vascular 
anastomosis and some patience must be used in order to obtain a dry field. In 
both instances, roentgenograms of the affected lung taken after operation did 
not show evidence of congestion, and long-term follow-up studies show that 
the anastomoses are open and functioning. It seems unlikely that a side-to- 
side anastomosis of such an anomalous vein without actual disconnection of 
the vein would maintain permanent patency. 

The second technical point of importance in transplanting a pulmonary 
vein is that the pu!monary artery to the lung in question must be temporarily 
occluded during the time in which the venous outflow of this lung is occluded. 
This was done in both of our cases without apparent ill effect. In both 
instances the anastomosis required approximately thirty minutes. As men- 
tioned in Case 6, it is probably hazardous, and therefore inadvisable tem- 








Volume 39 ANOMALOUS PULMONARY VENOUS CONNECTIONS 397 


Number 3 


porarily, to occlude one pulmonary artery in the presence of severe pulmonary 
hypertension. When such exists, a transplantation of an anomalous vein 
draining a lung is probably unwise. 


Repair by Single Procedure-—When the entrance of the anomalously drain- 
ing vein lies near an atrial septal defect, opportunity is afforded for repair of 
both defects by a single operation. If a pliable prosthesis can be sutured into 
place in such a manner that the atrial septal defect is closed while the 
entrance of the anomalous vein is made to lie to the left of the closure, there 
will then be a complete separation of both atria and the blood from the 
anomalously draining lung will pass through the atrial septal defect into the 
left atrium as it should. The most obvious application of this technique is 
in Cases 1 and 5 of this series. In these patients, there was a large atrial 
septal defect with no septal remnant posteriorly. In additien, the orifices of 
the veins of the right lung lay well to the right of the plane of the septum 
and were, indeed, anomalously connected with the right atrium. A proper 
repair of this defect was effected in Case 5 by suturing an Ivalon sponge in 
place. The sponge was united with the septal remnant anteriorly, superiorly, 
and caudally. Posteriorly, however, it was made to lie to the right of the 
septal plane so that it was attached to the posterior portion of the atrial wall 
to the right of the entrance of these anomalously connected veins. Thus, the 
interatrial communication was overcome and the veins of the right lung were 
made to drain into the left atrium. This same objective has been achieved by 
Bailey with atrio-septo-pexy. To date we have preferred to use the atrial-well 
technique when possible. In one ease in this series, Case 3, the veins of the 
right lung connected with the venous system at the juncture between the 
superior vena cava and right atrium. A relatively small atrial septal defect 
occurred high and posteriorly in the atrial septum. It was of sufficient size, 
however, to allow free passage of blood from the right lung through it; there- 
fore, again an Ivalon sponge was fashioned to close the atrial septal defect 
but at the same time to divert blood draining anomalously from the right lung 
so that it would flow through the defect into the left atrium. This was accom- 
plished by means of the atrial-well technique. 


Other Techniques.—In Case 4, a combination of these methods was employed. 
In this ease, the venous return of the entire right lung drained anomalously 
through a large trunk which pierced the diaphragm to enter the inferior 
vena cava. There was also a moderate-sized atrial septal defect. In this 
instance, the anomalous vein entered the cava too far from the atrial septal | 
defect to allow repair by a single procedure, so the vein was disconnected from 
the inferior vena cava and sutured into the posterior atrial wall. It was 
impossible to dissect far enough to the left so that the vein could be im- 
planted directly into the left atrium. Instead, it was implanted into the 
right atrium at the level of the atrial septal defect near the atrial septum. 
Then, by means of the Bailey technique, the atrial septal defect was closed in 
such a way that the right pulmonary vein drained through the defect into the 


left atrium. 
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In Case 6, for reasons described, it was impossible to reimplant the veir 
into the right atrium or to treat both lesions by a single procedure. A reason- 
able repair was effected by the completely closed technique shown in Fig. 4. 
A small defect remained, however, and some further disadvantage of th 
method is evidenced by the mild rise in superior vena caval pressure cephalad 
to the splitting of the eava. This case illustrates the reason for our preference: 
for the precision of the atrial-well technique whenever it is applicable. 











SUMMARY 










Surgical techniques are available for correction of anomalous pulmonary 
venous connections involving part of the pulmonary venous return, whether 
they occur alone or in combination with small or large atrial septal defects. 








Our experience in the surgical management of six such cases is outlined. 





Accurate preoperative diagnosis and careful planning of the operative 
procedure are of prime importance. 









ADDENDUM 





) 


Since submission of this paper, 3 additional patients (2 identical to Case 3 and 
identical to Cases 1 and 5) have had complete repair effected by the methods described, 
without mortality. 
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GRADUAL VASCULAR OCCLUSION 


Jacosp K. BerMAN, M.D., Don C. Fietps, M.D., Huperr Jupy, M.D., 
Victor Mort, M.D., Anp RoLanp J. Parker, A.B., INDIANAPOLIS, IND. 


(From the Department of Surgery, Indianapolis Gencral Hospital, and the 
Indiana University Medical Center) 


ASCULAR surgery has changed from the era of ligation to what might be 

termed the era of anastomosis. However, without ample collateral circu- 
lation even temporary occlusions may be extremely harmful to an organ or the 
body as a whole. A method whereby arteries and veins could be occluded 
gradually without subsequent manipulation would be highly desirable and use- 
ful in experimental work and might also have clinical application. The pur- 
pose of this paper is to record the results of our experiments in selecting effec- 
tive agents for the production of slow, leisurely occlusion. 


EXPERIMENTAL STUDIES 


Our first problem was to find a way for producing complete occlusion 
with a minimum amount of perivascular irritation and reaction. At the same 
time, the progressive closing of the vessel would necessarily have to be gradual 
enough to permit collaterals to form and certain adjustments to be made in 
parenchymatous organs and in tissues so that the final complete shutting would 
not be lethal. The following methods were tried: (a) reactive polythene film 
tied with silk ligatures around cylinders of different sizes in order to produce 
about 80 per cent constriction of the cireumference of the artery; (b) sodium 
dicetyl phosphate powder dusted on one-half inch (1.3 em.) cotton stay binding; 
(ec) one-half inch (1.3 em.) silk dusted with dicetyl phosphate and tied with silk 
ligatures; (d) silk bands dusted with sulfathiazole powder; (e) Ameroid* 
cylinder or ring encased in a rigid capsule or shell of silver or stainless steel ; 
and (f) Ameroid cylinder with eccentric lumen, held in position with stainless 
steel wire. 

Imperforation of a vessel may be produced slowly by using cotton tape 
which has been dusted with dicetyl phosphate or sodium dicetyl phosphate 
powder with or without polythene film.** However, the most uniformly sue- 
cessful method of producing easy occlusion is by the use of Ameroid cylinders 
or rings. This material, as originally suggested by Shipley* was found to be 
a hygroscopic casein derivative which absorbs water slowly. It will render 
any vessel in the dog imperforate if it is encased in a eapsule or shell suffi- 
ciently rigid to withstand peripheral expansion (Fig. 1, A). If the lumen of 


This study was aided by a grant from the Charles J. Wolf Foundation for Medical 
Research. 

Received for publication June 20, 1955. 

*Ameroid is a product of the American Plastics Company. 
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the Ameroid cylinder is eecentrically placed, it is not necessary to use a steel] 
encasement. This is due to the fact that the thicker portion of the cylinder 
is at the site of the slot. The Ameroid is held in position with three or four 
stainless steel wires which fit into grooves which are made in the material. Ex 
pansion is greater on the thicker side and therefore the slot will occlude more 
‘apidly than the lumen (Fig. 1, B and C). 

In order to determine the approximate rate of expansion for Ameroid, 
various sized cylinders and spheres were soaked in physiologic saline solution 
at room temperature of about 25° C. The diameter was measured by calipers 
and recorded in millimeters on successive days, as illustrated in Table I. The 





Fig. 1—A, Ameroid ring encased in stainless steel. The rigid shell prevents centrifugal 
expansion and enhances the rapidity with which intraluminal closure occurs. These were made 
by placing the Ameroid in a metal cylinder and rotating on a high velocity metal lathe to 
spin the steel on the circumference. The lumen was then drilled and the hole polished. 


B, Ameroid cylinder with eccentrically placed lumen and transverse grooves for the 
placement of silk or wire. The illustration shows a cylinder which was immersed in physio- 
logical logic saline solution at room temperature for 30 days. The slit has closed in the center 
and is closing at both ends. Rings of this type were placed around the femoral artery of 
dogs and the slit was found to be closed within 60 days. 


C, Photograph of larger Ameroid cylinder which illustrates the eccentrically placed lumen. 
Since expansion is greater on the thicker side, the slit will close very rapidly so that intra- 
luminal expansion occurs early. This type of cylinder cannot be used on very small vessels 
such as the coronaries because of peripheral expansion. 


average percentage increase was about 16.5 at the end of 72 days. When these 
figures were plotted on a graph it was found that the lines for the several 
samples became almost horizontal at about 60 days. Ameroid becomes more 
malleable after immersion, but it cannot be readily molded. When confined 
in a small glass container, the Ameroid assumes the shape of the retaining or 
restraining outside surface. 

Ameroid is tolerated well by the tissues, producing a minimal amount of 
foreign body reaction. However, it contains formaldehyde and on very close 
contact with small vessels a thrombus may form. The artificial coloring used 
by the manufacturer is apparently harmless but does diffuse out and is taken 
up by tissue-wandering cells. When used on small vessels such as the coro- 
naries, it must be encased in silver or steel at least 1 mm. thick when the ex- 
ternal diameter is three times the internal diameter.* Larger cylinders con- 
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Number 


TABLE I. DIAMETERS OF AMEROID CYLINDERS IMMERSED IN PHYSIOLOGIC SALINE SOLUTION 
AT Room TEMPERATURE 
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12.3 
12.7 
12.8 
12.9 
13.3 
13.5 
13.6 
13.8 
12.6 13.9 
12.7 14.0 
12.7 14.1 
12.7 14.2 
11.0 12.8 14.2 
11.2 12.9 14.5 27.7 
11.2 12.9 14.5 


Per cent increase in size based on original diameter in millimeters 
% 19.2 18.9 12.5 18.1 16.2 16.2 16.9 13.7 
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taining more Ameroid will expand in a centrifugal manner unless encased in 
strong metal. Indeed, the softer metals (aluminum) will be expanded by the 
material so that stainless steel must be used. Where peripheral expansion is 
unimportant the material may be used without the steel sheath. The length 
of the eylinder should be roughly twice its diameter. 


Proximal Aorta 











Ameroid plastic 
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Distal Aorta 


Fig. 2.—Diagram illustrating method of occlusion. The central portion is occluded first 
by a small amount of blood clot. Granulation tissue replaces the clot and this in turn extends 
proximally and distally. There has been no propagation of thrombus on the proximal or 
distal side in any of the experiments. 


Occlusion takes place in the mid-portion of the cylinder first by a small 
amount of thrombus. From here the vessel is obliterated proximally and 
distally (Fig. 2). No thrombus was observed in any portion of the vessel if 
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diameter of the vessels. 
completely lined with endothelium in every case and no propagating thrombus 
was found at any time proximal or distal to the imperforate zone (Fig. 3). 





3.—Photomicrograph 
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the cylinder was allowed to remain for eight to twenty weeks, depending upon 
Moreover, both ends of the obliterated area were 


Ameroid eylinders were selected which would fit loosely around the cir- 
cumference of the vessel without compression to preclude clotting. 
especially true in smaller arteries such as the coronaries. 
soaked in oil in vacuum they will expand more slowly and may fit more tightly 
In the upper 
used so that occlusion would be slow enough to prevent cardiac failure. The hy 
groscopic activity of Ameroid is retarded but not inhibited by oil. 
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showing cross section through occluded aorta. The lumen contains 


blood clot and granulation tissue. 


been able to occlude the following arteries in the dog 
earotids, femorals, renals, the thoracic 
aorta, the coronaries, and the hepatic artery. 
and inferior venae cavae have also been occluded. 


SUMMARY 


is equal to the size of the hepatie artery in man. 
signed to show the feasibility of occluding both common earotid arteries 


without lethal effects: 
aorta, the abdominal 
The portal vein and the superior 


Group I. Carotid Arteries —Three healthy mongrel dogs were anesthetized 
with 0.03 Gm. of pentobarbital sodium per kilogram of body weight given in- 
The carotid arteries in a dog of approximately 11 kilograms 


Our experiments were de- 














Volume 39 GRADUAL VASCULAR OCCLUSION 403 
simultaneously and to determine the exact size of the Ameroid button neces- 
sary to accomplish this purpose. We were aware that simultaneous ligations 
of the common carotid in the dog without lethal or even deleterious effects 
have been observed occasionally. In each instance the cylinders were removed 
within six to eight weeks and the constriction was complete. The vessels were 
divided above and below the occlusion. Bleeding occurred from both ends of 
the carotids and required ligation. There were apparently no deleterious 
effects to the animal. 


Group II. The Descending Aorta—The aorta was occluded at various 
levels. The first experiments were made with an Ameroid ring on the abdomi- 
nal aorta in three dogs. In every instance, after eight to twelve weeks the 
segment of the aorta could be excised without any deleterious effects to the 
animal. In fact, in Dog B 246 in which a ring was placed upon the abdomi- 


Fig. 4.—Specimen from Dog B 246. Ameroid cylinder in steel case had been placed on 
the abdominal aorta proximal to the celiac axis approximately two months previously. At the 
time of exploration the ring was lying loose in the peritoneal cavity and the two ends had 
retracted from the site of the occlusion. The ligatures show the occluded ends. Bleeding 
occurred from both ends proximal to these ligatures. The animal lived for 10 months after 
this exploration and was then sacrificed after being used for other experiments. No deleteri- 
ous effects were observed. 


nal aorta on Nov. 5, 1953, and removed eight weeks later, the ring was found 
free in the bed of the aorta and both ends were completely occluded (Fig. 4). 

A large Ameroid ring was used to occlude the lower thoracie aorta. In 
order to prevent expansion of the ring by the swelling of the Ameroid, two 
silver wires were placed around the circumference. <A 35 per cent solution of 
Diodrast was injected after eight weeks to study the rate of occlusion (Fig. 
2). This was earried out in three dogs without any apparent deleterious 
effeets. Some observations were made on the blood pressure proximal and 
distal to the band on the aorta. On the proximal side the blood pressure rose 
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from an average of 124 to over 130 em. of blood, whereas on the distal side ii 
decreased to 114 em. of blood, but there was no increase or decrease in the 
brachial or femoral blood pressure. Proximal to the stenosis there was slight 
dilatation but we did not observe any poststenotie dilatation. After twelv: 
weeks the aortas became imperforate and the cylinders were removed. Injec 
tion of Diodrast showed extensive collaterals at some distance from the closur 





‘ 


Fig. 5.—Aortagram (Dog B 267) of the thoracic aorta made by the injection of 35 pe! 
cent Diodrast on the cephalad side of the Ameroid ring. There is partial occlusion after two 
months. Collaterals have begun to form on the distal side before they are demonstrable on the 
proximal side. There is no poststenotic dilatation. However, there is dilatation on the 
proximal side. 
but also immediately surrounding it. In fact, an extensive network of arterial 
inoseulations was noted (Fig. 6). Both ends of the arteries were ligated to 
control bleeding (Fig. 7). 

Our early attempts to obliterate the thoracic aorta distal to the left sub- 
clavian resulted in death within ten days as a result of acute pulmonary edema, 

. ° rT’ oO 
even though the vessel was only approximately 50 per cent constricted. The 
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experiment was repeated and the Ameroid ring coated with petrolatum. This 
time the artery was completely occluded within approximately five months. 
The blood pressures on the proximal side had risen from an average of 130 to 
195 mm. Hg. The femoral pressure was also elevated averaging about 180 mm. 
Hg. The dogs are still living and there is no apparent increase in the size of 
the heart. There is, however, a prodigious amount of collateral circulation. 





Fig. 6.—Aortagram (Dog B 271) made with 35 per cent Diodrast to demonstrate collat- 
eral flow. The Ameroid cylinder was placed on the thoracic aorta five months previously. 
Note the distant collaterals and the extensive plexus of vessels immediately cephalad and 


caudad to the Ameroid ring. 

Group IIT.—The common hepatie artery was occluded close to the liver in 
six dogs. In every instance occlusion was complete within six weeks. The 
artery could then be excised and ligated without any deleterious effects on 
the animal. 

Group IV.—Cylinders and rings were placed on each renal artery through 
bilateral loin incisions in two dogs. The animals survived and are apparently 
iormal, There was very slight increase in systemic blood pressure and the blood 
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Fig. 7.—Dog B 259. A, Ameroid cylinder placed on thoracic aorta four months previous- 





ly, examined in situ. The cephalad portion is on the left. B, The cylinder and aorta have been 
resected. The proximal end is on the left. Note the glistening fibrous sheath which has _en- 
cased the cylinder. C, The slit in the metal case is completely occluded with Ameroid. Note 
the effects of the greater blood pressure on the proximal side (left) showing greater dilatation 
of the aorta and of the cylinder on this side. D, Steel cylinder has been removed. The proxi- 
mal end of the aorta is on the left and measures 1.1 cm. The distal is on the right and meas- 
ures 0.6 cm. The portion occupied by the cylinder is solid. 2H, Note the endothelialization of 
the aorta on the proximal side, left. 
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urea nitrogen remained within normal limits (Fig. 8). Shipley* believed this 
was due to the fact that the cylinder does not fit tightly enough when first 
applied to act in the same manner as the Goldblatt clamp. However, six of 
his dogs developed hypertension within eight weeks. Thereafter, the pressure 
fell but remained about 40 to 48 mm. Hg, higher than normal up to three years. 


Fig. 8.—Dog B 262. A, Ameroid rings have been placed on both renal arteries. X-ray 
en (retouched) 16 weeks after occlusion. Upper arrow points to superior mesenteric 
artery. 

B, Post-mortem specimen. The aorta has been opened and the pointers have been _in- 
serted in the apertures of the renal arteries on both sides. They are completely occluded. 
The arrow points to the superior mesenteric artery. 

C, Left arrow points to the occluded renal artery. Right arrow points to the right renal 
artery which has been removed and opened longitudinally. It also is imperforate. 


Group V. Occlusion of Veins—The inferior vena cava was occluded by 
using polythene film dusted with dicetyl phosphate and by cotton tape binding 
liberally covered with sodium dicetyl phosphate. At the end of four weeks the 
vessel was closed with the production of passive hyperemic cirrhosis and 
ascites. The portal vein was also occluded by the same procedure. The results 
of these experiments have been reported elsewhere.* Simultaneous occlusion 
of the hepatic artery and portal vein by the slow method was successful and 
produeed an ischemic type of hepatic change with symptoms and signs not un- 
like that of hepatic insufficiency.* 

Group VI. Occlusion of the Pulmonary Artery—The main pulmonary 
artery was constricted with cotton tape binding (1.3 em.) covered with dicetyl 
phosphate in an effort to produce the counterpart of a pulmonary stenosis dis- 
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tal to the pulmonary valves. This was successful. The gross changes observed 
in the animals were dyspnea, ascites, and finally pulmonary edema and death 
in every instance (Fig. 9). 
Group VII. Pulmonary Veins.—The pulmonary veins to both lungs were 
constricted by cotton tape binding (1.3 em.) dusted with dicetyl phosphate. 
Thoracotomies were performed on each side one week apart. The experiment 


o 


i 


. Fig. 9.—Dog B 275. A, Clinical photograph. The main pulmonary artery was wrapped 
with cotton tape binding covered with sodium dicetyl phosphate. The dog developed con- 
gestive hepatomegaly with massive ascites and died in 1% months. 

B, Post-mortem examination of the chest. The arrow points to the occluded pulmonary 
artery. Note the enlarged liver in the lower portion of the photograph and the shrunken lung 
in back of the arrow. Light straw-colored fluid filled the abdomen. 


was designed to determine whether or not the occlusion of the pulmonary veins 

would inerease the oxygen saturation of collateral venous circulation through 

the bronchial veins, as described by Hurwitz and his colleagues.° This was 

successfully accomplished. Oxygen saturation studies will be reported later. 

Angiocardiograms did not show a significant delay of dye in the pulmonary 
J 
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veins (Fig. 10). Reoperation after twelve weeks shows the pulmonary veins 
to be completely occluded and there was dilatation of the bronchial veins. All 
animals that have been re-explored have died. This is probably due to inter- 
ference with collateral veins in the dissections which were made to examine the 
site of constriction. 


Fig. 10.—Dog B 274. This dog had all pulmonary veins occluded by use of 1.3 cm. 
cotton tape binding sprinkled with dicetyl phosphate. At the end of twelve weeks the angio- 
cardiogram shown here was made using 20 c.c. of 70 per cent Diodrast. 

A, Retouched angiocardiogram showing the pulmonary artery (PA); right pulmonary 
artery (RPA); and left pulmonary artery (LPA). 

B, Retouched angiocardiogram approximately 7 seconds later showing emptying of pul- 
monary veins without significant delay. This dog was sacrificed after 3 months and both 
pulmonary veins were found to be completely occluded and the bronchial veins greatly dilated. 
However, exploration necessitated division of many collaterals and the animals died from pul- 
monary edema following the operation. 


Group VIII. Coronary Arteries—Ameroid rings were placed on the right 
coronary and the anterior descending and circumflex branches of the left coro- 
nary in two dogs. Complete occlusion resulted without ill effects. 


CONCLUSIONS 


Counterparts of clinical states may be produced in the experimental ani- 
mal by leisurely occlusion of blood vessels and ducts so that remedial meas- 
ures may be more accurately evaluated. 


We are indebted to Nathan Levene, M.D., who assisted in some of the experiments. 
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CAROTID-CAVERNOUS FISTULAS 


A. Eart WALKER, M.D., AND Grorces E. ALLicrE, M.D.,* Bautimore, Mbp. 


(From the Division of Neurological Surgery, The Johns Hopkins University ) 


F THE intracranial aneurysms, those rupturing into the cavernous sinus, 

producing a carotid-cavernous fistula, present an easily recognizable 
syndrome, namely, pulsating exophthalmus, and a bruit, usually audible to 
both patient and examiner. 

In the present series are 24 examples of carotid-cavernous fistulas, about 
one case being seen each year or an incidence of about 1 per 20,000 hospital 


admissions. 
ETIOLOGY 


Carotid-eavernous fistulas are due almost always to either a head injury 
or spontaneous rupture of a pre-existing aneurysm or congenital anomaly of 
the carotid artery into the cavernous sinus. The traumatic cases in this 
series outnumber the spontaneous 14 to 10, but in larger series the proportion 
may be 3 to 1. Locke® collected 544 cases in which the etiology was given 
and found 76.8 per cent were of traumatie origin. Either a blunt or pointed 


object hitting the head may initiate the phenomena leading to a fistula. In 
the event of the former, the artery usually is damaged by a basal skull fracture, 
and, in the ease of the latter, it may be penetrated by the object which in 
most eases enters the skull through the orbit. Although a basal skull fracture 
is usually present, the break may not be demonstrable by roentgenograms of 
the skull. If the brain injury is severe, the carotid-cavernous fistula may be 
only of academic interest because of the lethal nature of the concomitant 
cerebral damage. Occasionally, the trauma may precipitate the rupture of a 
pre-existing carotid aneurysm. In general, the traumatic cases are prone to 
occur in men (3 to 1) and at an earlier age than the spontaneous earotid 
cavernous fistulas which develop in women seven times as commonly as in men. 
In Sattler’s'® series, the mean age of the traumatic group was 28.5 years 
and of the spontaneous 44 years. In this series, however, the age and sex 
incidence are the same in the two groups. 

An inherent weakness of the intraeavernous portion of the internal carotid 
artery seems to be a predisposing factor to the formation of carotid cavernous 
fistulas. Delen* stated that if the carotid artery is cannulated and injected 
with foree it may rupture in the cavernous sinus. 


Aussi, en injectant le systéme carotidien, avons-nous pu constater que la 
carotide interne se rompt facilement dans le sinus si 1’on pousse un peu fortement 
Aided by a grant from the David S. Barry Fund. 
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l’injection. Sur un sujet auquel nous avions lié les deux vertébrales et la carotide 
primitive droite, en poussant par la carotide primitive gauche une injection 
solidifiable, nous avons obtenu la rupture de la carotide interne dans le sinus 
caverneux, La matiére 4 injection pénétrant dans le sinus passa dans la veine 
ophthalmique et les veines de la face, realisant ainsi, sur le cadavre, les conditions 
anatomiques de l’anévrysme artério-veineux. 


In the case of spontaneous carotid cavernous aneurysms, an important 
precipitating factor is pregnancy, for about 25 to 30 per cent of the afflicted 
women develop the condition during the latter half of pregnancy or during 
delivery. Arterial hypertension associated with gestation m ‘ght well rupture 
a pre-existent aneurysm in the cavernous sinus. 





Fig. 1.—Diagrammatic representation of the channels of drainage from the cavernous 
sinus, which become enlarged in cases of a carotid-cavernous fistula. The symbols are as 
follows: 1, Internal carotid artery; 2, cavernous sinus; 3, superior ophthalmic vein; 4, angular 
vein; 5, facial vein; 6, basal sinuses and draining veins; 7, anastomotic vein of Trolard; 
§, sagittal sinus; 9, straight sinus; 10 and 11, petrosal sinus and vein; and 72, internal 
jugular vein. 


PATHOLOGY 


The pathologie anatomy of pulsating exophthalmus was first assumed by 
Travers’* to be due to a earotid-cavernous fistula, but early in the eighteenth 
century reports of orbital aneurysms producing pulsating exophthalmus empha- 
sized this condition as an etiological factor. It was not until the case of 
Nélaton* became weil known throughout the scientific world that the common 
eause of pulsating exophthalmus was acknowledged to be a carotid-cavernous 
fistula. By the turn of the century the syndrome and its pathogenesis were 
well recognized. 
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Fig. 2.—Angiogram showing the venous drainage in a case of recurrent carotid-cavernous 
fistula. The patient, a 29-year-old woman, had had a “trapping’’ operation four years 
previously. 


Fig. 3.—Carotid angiogram of a 65-year-old woman who had a spontaneous rupture of 
an arteriosclerotic aneurysm into the cavernous sinus. The intracranial portion of the 
a is outlined by the dye. Ligation of the common carotid artery in the neck gave 
reilef, 
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The pathologic anatomy of carotid-eavernous fistulas may be divided into 
(1) the changes produced by the abnormal vascular circulation and (2) the 
alterations in the carotid artery itself. As a result of the arterial pressure 
and pulsation in the cavernous sinus, the latter becomes markedly dilated, 
its draining channels greatly enlarged and their walls markedly thickened. 
The cephalic veins going from the sinus, having no valves, become dilated and 
tortuous. The routes of drainage vary in the individual cases but the most 
common, as deseribed by Wolff and Schmid’ (Fig. 1), is probably by way 
of the superior ophthalmic to the angular, facial, and internal jugular veins. 
In some cases, however, the path of least resistance is through the petrosal 
sinus to the basal sinus and internal jugular vein. Less commonly the arterial 
blood finds its way into the superior cerebral veins and sagittal sinus, or by 
way of the basal vein of Rosenthal to the vein of Galen and the sinus rectus. 
Whichever route is taken the corresponding vascular channels become dilated 
and the walls thickened. These changes may be best demonstrated by 
angiography (Figs. 2 to 4), which is an important diagnostic adjunct in the 
diagnosis of these fistulas. Occasionally, it may demonstrate an unusual site 
of communication in the neck. 

The local pathology of the carotid artery varies from practically a com- 
plete transection of the vessel to a minute opening barely visible (and at 
times not demonstrable at autopsy), but commonly it is a hiatus from 3 to 
6 mm., which in traumatic cases may contain a spicule of bone. In some in- 
stances multiple openings are present. The position of the dehiscence in the 
carotid artery may be superior, mesial, or lateral. The position of the 
hiatus does not seem to influence the degree of exophthalmus, nor to be 
related to a bilateral exophthalmus. Rather, the bilaterality of exophthalmus 
is dependent upon the size of the anterior and posterior intereave.nous or 
circular sinuses. In many cases these communications are said to be too small 
to admit the point of a probe.* With such stenotic connections between the 
two cavernous sinuses, a unilateral exophthalmus would be expected most 
commonly and is found in 80 to 90 per cent of cases. In this series only 2 
of the 24 patients had bilateral exophthalmus. 


SYMPTOMATOLOGY 


The symptomatology of carotid-cavernous aneurysms is quite well known: 
(1) unilateral or bilateral exophthalmus; (2) pulsation of the eyeball; and 
(3) a bruit audible to both patient and physician (Table I). 


TABLE I, INCIDENCE OF SYMPTOMS IN SERIES OF 224 CASES COLLECTED BY MARTIN AND MABON®? 








Bruit 191 
Pulsation 179 
Chemosis 159 
Diplopia 76 
Headache ra! 
Visual disturbances 66 
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Onset of Symptoms.—The symptoms may occur immediately after th 
time of injury in the traumatic cases (30 per cent) or develop in a week (30) 
per cent) or appear after a period of months (14 per cent). In the present series 
the symptoms came on, except in those cases in which they were present 
immediately after the injury, from two days to nine months after the injury. 
The bruit or noise in the head is usually the first manifestation and may he 
present for many weeks before the exophthalmus becomes manifest. It has 
been suggested that the delay is the result of aneurysmal formation of the 
carotid artery with subsequent rupture at the onset of symptoms. But it may 
be simply that, initially, the defect is plugged with blood clots or edema of 
the vessel wall, and that as the clot is absorbed or the swelling subsides the 
fistula develops. It is extremely rare that oculomotor nerve palsies appear 
before the bruit; if an aneurysm were present such early palsies might he 


—_ 


expected. 

Exopththalmus.—Exophthalmus is the cardinal symptom of a cavernous- 
earotid fistula. It is usually unilateral, developing in the ipsilateral eye. 
In approximately 10 per cent of the cases, it is bilateral and rarely oceurs in 
the eye contralateral to the fistula.*.'' The degree of exophthalmus varies 
from a few millimeters to as much as 2 em., but the average is approximately 
10 mm. In eases of bilateral exophthalmus the amount of proptosis on the 
two sides may be unequal. The protrusion of the eye is usually obliquely 
downward and outward, but may be downward and medially or downward. 
The onset of the exophthalmus, as mentioned previously, varies and the pro- 
trusion may progress over a considerable period of time. Very rarely, the 
exophthalmus may be absent in a case of carotid-cavernous fistula; in this 
series it was present in all cases. 

Pulsation.—The pulsation of the protruded eyeball synchronous with the 
pulse is readily seen in most cases; it may be present in the dilated veins over 
the forehead. At times it may be felt in the venous channels of the neck. 
In cases of bilateral exophthalmus the pulsation may be stronger on one side 
or only palpable on the side of the fistula. In association with this pulsation, 
often a thrill ean be felt on palpation of the orbit or of the large vessels over 
the forehead. Partial occlusion of the vessel may accentuate the thrill. 

Bruit—The murmur, usually described as a roar, hum, swishing, or pound- 
ing, varies greatly from ease to ease. In some patients it is not annoying, 
but in others it is severe enough to prevent sleep. The murmur is synchronous 
with the heartbeat and may be obliterated by compression of the carotid 
artery, or sometimes by turning the head to one side. Upon auscultation the 
bruit, a erescendo systolic murmur, is usually best heard over the eyeball 
and temporal region. If the exophthalmus is bilateral, the side of the louder 
murmur is a relatively reliable guide to the fistula. The bruit usually dis- 
appears when the carotid artery on the side of the fistula is compressed, but 
occasionally both the subjective murmur and the audible bruit persist to a 
slight degree. 
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Headache.—Headache is a relatively infrequent symptom but may be 
present in the early period. It is usually unilateral and referred to the eye 
and orbit, sometimes the forehead and temple on the side of the lesion. Cough- 
ing, exercise, or bending over may aggravate the pain. 


Chemosis.—The injection of the vessels of the eyeball is usually of such 
a degree that the conjunctiva assumes a granular appearance and becomes 
edematous. 


Extraocular palsies.—Extraocular palsies associated with carotid-cavernous 
fistulas may be the result of the primary injury or may be due to compression 
of the nerves in the wall by the sinus dilatation. With a high degree of 
exophthalmus the movement of the eyeball may be impaired by the mechanical 
stretching of the muscles. Diplopia, the most common symptom, is present 
in about one-third of the cases. It is usually due to a sixth nerve injury but 
the other nerves may be involved. The abducens palsies are said to be some- 
what higher in the traumatic than in the spontaneous types of exophthalmus, 
but the difference probably only represents the nerves damaged at the time 
of the original injury. In the present series diplopia was present in two cases 
and in two other cases a complete ophthalmoplegia was present. The extra- 
ocular palsies usually clear up rapidly if the arteriovenous communication is 
oceluded. 


Optic Nerve.—Impairment of vision is a frequent accompaniment of 
earotid-cavernous fistulas, due both to damage to the optic nerve at the time 
of the original injury (two cases in this series) and to injury as the result 
of venous dilatation. Papilledema may occur as the result of the venous 
congestion, but, usually, there is merely dilatation and tortuosity of the retinal 
veins. Blindness in the affected eye occurs in almost one-third of the cases 
and some loss of vision in practically one-half of the cases. This defective 
eyesight may be due to (1) clouding of the lens, (2) clouding of the vitreous. 
(3) glaucoma, (4) optic atrophy, (5) intraorbital hemorrhage, and (6) 
cataracts. 


Involvement of Other Cranial Nerves.—The trigeminal nerve is the most 
common of the other cranial nerves to be affected. As the result of a basal 
skull fracture other cranial nerves may be involved. particularly the olfactory 
and facial. In one of the cases in this series severe ophthalmic pain, pre- 
sumably due to irritation of the first division of the trigeminal nerve, was 
present for one year before ophthalmoplegia developed. In another ease a 
paralysis of the seventh nerve resulted from the primary injury. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis is usually not difficult. The following conditions 
should be considered: orbital encephalocele, cavernous thrombosis, retroorbital 
tumors, orbital vascular tumors, and aneurysms. 
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TREATMENT 


Pulsating exophthalmus, if untreated, usually becomes stationary afte 
a period of weeks or months, leaving the patient with a pulsating proptosed 
eyeball, edematous conjunctiva, and injected cornea inadequately protected 
by the swollen eyelids. If the cornea does not become ulcerated and the eyebal| 
infected, this state may continue for years. In some eases the degree of 
exophthalmus is slight, perhaps due to a small fistula, and the bruit not very 
pronounced, so that the patient considers the risk of treatment greater than 
the annoyance of the disease, a condition existing in one patient in this series. 
In perhaps 3 per cent of the cases, hemorrhage into the nose or intracranial! 
cavity may arrest the misery, but, barring this accident, the patient may 
survive with the terrible roaring and popped eye indefinitely. In time, the 
vision of the affected eye fails; less than 20 per cent of the patients retain 
good sight if the exophthalmus persists for years. 

Occasionally, the lesion clears up spontaneously. In a case seen by one 
of the authors a spontaneous cure oceurred approximately two months after 
the onset of symptoms in a young boy of about 10 who punctured the sinus 
with the tine of a pitehfork. Such cures happen in approximately 10 per 
cent of the cases and, sometimes, years after the onset of the condition. 


TABLE II. RESULTS OF TREATMENT SINCE 1924 (188 CASES) (MARTIN AND MABON®) 











METHOD | NO. | CURED |IMPROVED|UNIMPROVED | DEATII | HEMIPLEGIA 
Ligation internal carotid 47 25 15 3 2 2 
Ligation common carotid 43 30 9 1 3 
Combined vein and artery 41 27 11 0 2 I 
Direct intracranial (Dandy) 6 4 2 
Nonoperable 51 9 22 17 5 





Simple compression of the carotid artery in the neck by the digits or a 
mechanical compressor may cause occlusion of the fistula. Possibly 10 per 
cent of the cases may be relieved by this technique. Injection of the orbital 
veins with sclerosing agents, attempted by a number of the early surgeons, 
has been followed by equivocal results. Venous ligation in the orbit, used 
considerably at the turn of the century, may produce good results in some 
eases, but the procedure is little used now. 

In an attempt to plug the fistula directly with a piece of muscle, Brooks' 
inserted a muscle fragment in the internal carotid artery and hoped that 
the force of the current would carry it to the fistula. This technique was 
further tested by Hamby and Gardner,® with partial success. It has failed 
to become popular, probably due to the fact that the trapping operation, 
introduced by Dandy? at about the same time, seemed simpler and surer. 


Ingation of the Carotid Arteries—By far the most common technique of 
treatment of carotid-cavernous sinus at the present is ligation of one of the 
carotid arteries. This procedure for pulsating exophthalmus was probably 
first carried out by Travers'® in 1809 when he ligated the common carotid 
artery. Since that time hundreds of ligations of the carotid arteries have 
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been made. In spite of this large experience, it is still an open question 
whether ligation of the common or internal carotid arteries gives the better 
result. 

In the consideration of ligation a number of theoretical factors should 
be considered. The primary concern is the isolation of the fistula, so that 
arterial blood can no longer pass through it. The complete isolation of both 
arterial and venous elements of the fistula as practiced in arteriovenous aneu- 
rysms of the extremities is not feasible in the case of the carotid-cavernous 
fistulas. Since the internal carotid artery gives off an anastomotic branch 
to the middle meningeal artery, and branches to the pituitary fossa and the 
ophthalmie artery between the neck and its supraclinoid portion, a very exten- 
sive ligation of all of these vessels would be necessary to eliminate all arterial 
flow through the fistula. But it seems that such a complete isolation is not 
necessary for a clinical cure. With a small orifice in the artery, perhaps, 
slowing of the blood flow allows coagulation and plugging of the opening; 
perhaps the shunt persists but the venous channels are adequate to carry off 
the smali amount of arterial blood. At any rate clinical experience has demon- 
strated that partial interruption of the arterial flow may relieve the symptoms 
(Table IT). 

A second factor is the adequacy of the cerebral circulation after the 
ligation. In the ease of carotid-cavernous fistulas, ligation of the carotid 
vessels probably carries less risk of impairing the cerebral circulation than 
similar ligations for other lesions, since the carotid arterial blood is already 
being shunted from the brain. Sattler’* reported that the mortality from 
ligations of the earotid for conditions other than fistulas was 20 per cent, 
but for carotid-cavernous fistula only 4.7 per cent. Dandy? also believed that 
the ligation was much safer in this condition than for other conditions. 


Tests for adequacy of the cerebral circulation are not entirely reliable. 
The Matas test'® (digital compression and occlusion of the common carotid 
artery against the sixth cervical tubercle) may indicate an intolerance to the 
interruption of the carotid circulation. The value of the test, if positive, 
is great, but, if negative, is much less, for clinical experience has shown that 
cerebral symptoms may develop early or late, in spite of a negative com- 
pression test. A second method of determining the adequacy of the cerebral 
circulation is that of angiography. If a radiopaque dye is injected into the 
carotid artery opposite the one to be occluded while the latter is being manually 
compressed, the degree of collateral circulation will be demonstrated by the 
passage of dye through the eirele of Willis. 

At the time of operation the adequacy of circulation may be tested by 
clamping the artery for thirty minutes before ligating and observing the 
clinical or electroencephalographie effects'? of the occlusion. If no changes 
occur in this time, the circulation is probably adequate. Sweet and Bennett® 
have made direct pressures from the common, internal, and external carotid 
arteries, and have suggested that a drop in pressure in the internal carotid 
artery of more than 65 to 70 per cent will probably be associated with evi- 
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dences of cerebral anemia, whereas if the drop is less than this, the cireulatio) 
will be adequate. Even this, however, is not an adequate guide. Unfortu 
nately, there is no accurate technique for the measurement of localized (hemi 
spheric) cerebral blood flow. If such were available a more accurate guid 
would be at hand. 

It has been assumed that common carotid ligation allows a reflux ot 
blood to the internal carotid from the external carotid artery. But the intra 
arterial pressure studies of Sweet and Bennett!® and Johnson’ have failed to 
confirm this hypothesis. In most cases, the pressure in the internal carotid 
artery after common carotid occlusion was not decreased by clamping the 
external carotid artery. Moreover, the pressure in the external carotid in 
approximately three-fourths of the cases was lower than in the internal carotid 
artery, suggesting that if the common carotid were tied, there would be a 
drainage of blood from the intracranial cavity to the external carotid artery. 

In the present series, carotid ligations have been the only surgical form 
of treatment. Some 21 patients are included in this report. 


Ligation of the Common Carotid Artery.—In this series, the common 
carotid artery was ligated in 6 cases, with satisfactory results in 3 eases. 
However, in 1 ease approximately ten days after the ligation, the sight of 
the ipsilateral eye became impaired due to a thrombosis of the central veins. 
The resulting blindness has not cleared. Secondary ligations were made in 
the other cases. In one, tying off the internal carotid artery in the neck 
eliminated the exophthalmus but not the murmur. In the second ease, a 
cure was effected by ligation of the internal carotid in the neck and intra- 
cranial clipping of the artery. In the last case, a common earotid ligation was 
performed as a primary procedure elsewhere without benefit. Subsequent 
external and internal ligations and intracranial clipping greatly decreased 
the exophthalmus. 


Iigation of the Internal Carotid Artery.—Primary ligation of the internal 
carotid artery was carried out in 6 patients. Of the 6 cases, 3 had complete 
relief at the time of discharge from the hospital, but 1 could not be followed 
up, 1 died a few days after the operation, and another had relief of the 
pulsating exophthalmus and bruit but developed blindness in the ipsilateral 
eye which has persisted five years after the operation. This patient did not 
return, so the blindness, which was not present at the time of discharge, could 
not be investigated. One patient was not improved and subsequently had a 
ligation of the internal carotid artery intracranially with complete relief of 
symptoms. 


Combined Intracranial Clipping and Cervical Ligation of the Internal 
Carotid Artery.—Nine patients had the trapping operation performed in one 
stage or seriatim. One patient died postoperatively. The remainder of the 
patients had practically complete relief initially from the operation, but at 
the present time all are impaired in one way or another. Two patients had 


relief of the exophthalmus but have visual impairment of the affected eye. 
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One patient still is conscious of the bruit. One patient is hemiplegic. Two 
patients were well for four years, at which time they developed a recurrence, 
one succumbing as a result. One patient died 9 years after the operation, 
in convulsions; no autopsy was made. One patient was well for fifteen years, 
and then developed tuberculous meningitis, and was successfully treated, but 
has grand mal seizures as a result. 

In two additional cases secondary trapping procedures were carried out 
when other primary operations had failed to relieve the symptoms. One of 
these patients was cured. The second was relieved of the exophthalmus but 
still heard the bruit, although it was not audible on auscultation. 


TABLE III. RESULTS Two YEARS AFTER OPERATION 























od EXOPHTHAL- | 
TECHNIQUE BOTH PRIMARY BER MUS BRUIT | DEATH 
AND SECONDARY |CASES| CURE |FAILURE ONLY | POSTOP. REMARKS 

Ligation of common carotid 6 3 3 0 0 One patient developed blind- 

artery ness 10 days postopera- 
tively 

Ligation of internal carotid 8 4 2 1 1 One patient developed blind- 
artery ness after operation 

Ligation of internal carotid 11 9 1 1 One patient was hemiplegic 
artery and clipping intra- postoperatively; two pa- 
eranially tients had impaired vision 


postoperatively 





There is no doubt that the trapping procedure relieved the pulsating 
exophthalmus more consistently than ligation of the carotid artery. Both of 
these techniques were associated with a high incidence of complications: one 
patient with hemiplegia and four with visual impairment amounting to blind- 
ness in two eases. This is a considerable price to pay for the relief of the 
exophthalmus, and other techniques with lower morbidities should be con- 
sidered. The incidence of hemiplegia is fortunately low but the ocular involve- 
ment is frequent. 

SUMMARY 


1. Carotid-eavernous fistulas present a typical syndrome of pulsating 
exophthalmus and bruit. 

2. The condition is usually precipitated by trauma, but there seems to be 
an inherent weakness of the intracavernous portion of the carotid artery. 

3. The therapy is discussed, and the results of carotid ligation and trapping 
procedures are presented in a series of 21 eases. 

4. Following these procedures, hemiparesis or visual disturbances may 
complicate the relief of the pulsating exophthalmus. 


REFERENCES 


1. Brooks, B.: Discussion of Noland, L., and Taylor, A. 8., Tr. South S. A. 43: 171, 1931. 

2. Dandy, W. E.: Carotid-cavernous Aneurysms. (Pulsating exophthalmos), Zentralbl. 
Neurochir. 2: 165-204, 1937. 

. Delens, E.: De la communication de la earotide interne et du sinus caverneux (anévrysme 
artério-veineux), Paris, 1870, A. Delahaye, pp. 89. 


eo 








16. 


17. 


WALKER AND ALLEGRE - oo. 


. Hamby, W. B.: Intracranial Aneurysms, Springfield, 1952, Charles C Thomas, Publishe: 


pp. 564. 


. Hamby, W. B., and Gardner, W. J.: Treatment of Pulsating Exophthalmos With Repo: 


of 2 Cases, Arch. Surg. 27: 676-695, 1933. 


}. Jefferson, G.: Intracranial Aneurysms, The Balfour Lecture, delivered at the University 


of Toronto, Oct. 18, 1950. 


. Johnson, H. C.: Cervical Intracarotid Pressure Studies: Their Significance in the Man 


agement of Intracranial Aneurysms, SURGERY 33: 537-543, 1953. 


. Locke, C. E., Jr.: Internal Carotid Arteriovenous Aneurysm, or Pulsating Exophthalmos, 


Ann. Surg. 80: 1-24 and 272-285, 1924. 


. Martin, J. D., and Mabon, R. F.: Pulsating Exophthalmos. Review of All Reported Cases, 


J. A. M. A. 121: 330-334, 1943. 


. Matas, R.: Tests to Determine the Efficiency of the Collateral Circulation Before Attempting 


the Permanent Occlusion of the Great Surgical Arteries, Ann. Surg. 52: 126-130, 1910. 


. Ramos, M., and Mount, L. A.: Carotid Cavernous Fistula With Signs on Contralateral Side, 


J. Neurosurg. 10: 178-182, 1953. 


. Rogers, L.: Carotid Ligation for Intracranial Aneurysm. Report of a Case Studied by 


Electroencephalography, Brit. J. Surg. 32: 309-311, 1944. 


. Sattler, C. H.: Pulsierender Exophthalmus, Handbuch der Augenheilkunde, Berlin, 1920, 


9: Abt. 1, Kap. 13, 2: viii, J. Springer, pp. 268. 


. De Schweinitz, G. E., and Holloway, T. B.: Pulsating Exophthalmos, Philadelphia and 


London, 1908, W. B. Saunders Company, pp. 124. 


. Sweet, W. H., and Bennett, H. S.: Changes in Internal Carotid Pressure During Carotid 


and Jugular Occlusion and Their Clinical Significance, J. Neurosurg. 5: 178-196, 1948. 
Travers, B.: A Case of Aneurysm by Anastomosis in the Orbit Cured by the Ligature of 
the Common Carotid Artery, Med. chir. Tr., Roy. Med. & Chir. Soe. 2: 1-16, 1813. 
Wolff, H., and Schmid, B.: Das Arteriogramm des pulsierenden Exophthalmus, Zentralbl. 

Neurochir, 4: 241-250, 1939. 














SHOULD ANTIBIOTICS BE USED ROUTINELY IN 
THROMBOPHLEBITIS? 


FREDERICK G. STOESSER, M.D., AND PHiuie B. Wets, M.D., Burravo, N. Y. 
(From the Department of Surgery, Millard Fillmore Hospital) 


HE occurrence of temperature elevation, pain, and swelling in acute throm- 

bophlebitis has given rise to a general impression that this complication is 
usually due to infection. The frequency with which antibiotics are prescribed 
for the condition would tend to bear this out. However, it is quite possible that 
the symptoms of thrombophlebitis are due to a chemical or physiologic disturb- 
ance and only infrequently to infection or embolism. The question must then 
be raised: Is the routine use of antibiotic therapy justified in the usual case? 

In 1941, Ochsner and DeBakey' reported an impressive series of cases of 
thrombophlebitis treated only by means of procaine block of the sympathetic 
nerves on the affected side. There was rapid subsidence of fever and other 
symptoms, usually within one to three days following the treatment. This 
marked the beginning of the sound, physiologic approach to the treatment of a 
condition which formerly had been treated only symptomatieally. Ochsner 
and DeBakey postulated that in phlegmasia alba dolens the acute signs and 
symptoms were due to irritative impulses which arose in the thrombosed vessel, 
causing venous and arterial spasm. As a result (1) the venous pressure in- 
ereased; (2) the arteriolar and capillary pulses were eliminated, thereby 
largely destroying the means of propelling the lymph back toward the heart; 
and (3) anoxemia of the capillary wall occurred. These three factors were 
held responsible for the rapid escape of blood elements into the tissue spaces, 
causing pain, fever, and massive edema of the involved extremity. 

They demonstrated, as had Leriche and Kunlin,’? that such a physiologic 
disturbance could be reversed simply by blocking the sympathetic nerves. We 
have frequently confirmed this observation, since 1941, in the management of 
acute phlebitis with maximal signs. 

Later, when ligation of the affected vein or trunk was recommended as a 
means of preventing embolism, we again observed that rapid subsidence of 
symptoms frequently occurred, often within twenty-four hours after such liga- 
tion. This further strengthened our impression that infection was not respon- 
sible for the temperature elevation of acute phlebitis and that antibiotics should 
be used only when infection is present. 

In order to obtain definite evidence, segments of veins were taken from 13 
selected patients (on the service of F. G. S.) who were being treated for throm- 
hophlebitis, 10 for the acute superficial and 3 for the deep type (Table I). 
Nine eases were unilateral and 4 bilateral. These patients had not previously 
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received antibiotics in the treatment of their phlebitis. By strictly aseptic 
technique, a segment of thrombosed vein, one inch or more in length, was re- 
moved. It was closed at both ends with cotton ligature and placed in a specimen 
tube which was sealed and immediately taken to the bacteriology laboratory for 
culture. 

The technique used was as follows: After thorough cleansing of the skin 
and painting with a tineture of Zephiran, an incision was made in the sub- 
inguinal region or thigh through the skin, and wound towels were applied. 
The dissection was carried down to the saphenofemoral junction and, as soon 
as the vessel was identified, dissection was stopped. A nontouch technique was 
used. When the vein was reached a completely new set of instruments was used. 


TABLE I. CLINICAL COURSE IN 13 PATIENTS STUDIED 




















RETURN TO 
CASE TEMPERATURE NORMAL 
NO. TYPE ELEVATION TEMPERATURE RELIEF OF PAIN 
1 D None — Pain-free 2 days postop. 
2 8 100° F. 1 day postop. Pain-free 1 day postop. 
3 Ss None — Undetermined 
4 Ss None — Pain-free 1 day postop. 
5 S 99.6° F. 2 days postop. Pain-free 1 day postop. (sympathec 
tomy with vein ligation) 
6 D None — Pain-free 2 days postop. 
7 S None _— Pain still present but less on discharge 
(10 days) 
8 Ss None -—-- Pain-free 1 day postop, 
9 Ss None — Pain-free 2 days postop. 
10 Ss None — Undetermined 
11 8 None — Pain diminished, 2 days postop. 
12 8 99.6° F. 1 day postop. Pain-free 1 day postop, 
13 D 100° F. 2 days postop. Pain-free 2 days postop. 





D = deep; S = superficial. 


The thrombosed vessel was dissected free from its bed and ligated at the 
saphenofemoral junction, in the ease of superficial phlebitis, or the superficial 
femoral vein was ligated distal to the profunda femoris in the ease of deep 
phlebitis and dissected distally, ligating the vessel at a distance of 5 to 6 em. 
from the proximal ligature. This segment, together with the clot, was removed 
between the ligatures, placed in a sterile Petri dish and immediately sent to 
the bacteriology laboratory. 

Under sterile technique the clot and vessel wall were macerated. Both 
were cultured in a thioglycollate broth (routine procedure at this hospital for 
the culturing of both anaerobic and aerobic organisms). A total of 17 veins 
was supplied. . 

In 3 patients varicose ulcers were present. The remaining patients had no 
evidence of external disease. Of the 17 veins and clots cultured, only one yielded 
a positive result. This was an M. pyogenes var. aureus which was reported as a 
contaminant. 

It will be remembered that none of these patients received any antibiotic or 
chemotherapy prior to operation. It was noted that all of them responded 
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promptly to the treatment, as evidenced by subsidence of pain and return of 
the temperature and pulse rate to normal, and a reduction in swelling and 
tenderness of the extremity. 

The criteria for the diagnosis of a deep phlebitis were irregular temperature, 
inerease in pulse, leukocytosis, mild or considerable swelling of the leg, and a 
positive Homans’ sign. The criteria for diagnosis of a superficial thrombophle- 
bitis were tender and red streaking along a prominent vein, usually the long 
saphenous. 

CONCLUSION 


It is believed, in view of these findings, that the usual case of deep or 
superficial thrombophlebitis does not warrant the use of antibiotics, since a 
bacterial agent was not found in the vessel wall or in the clot of 17 consecutive 
surgical specimens. We have not been employing antibiotics in such eases and 
ean see no indication for their use unless obvious infection or pulmonary 
embolus is present. 
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PROTEOLYTIC ENZYMES AND SUBSIDENCE OF CHEMICALLY 
INDUCED INFLAMMATION 


IRVING INNERFIELD, M.D.,* New York, N. Y. 


prin reversal of acute inflammation was observed to follow parenterally 
given trypsin in recent clinical reports.’"'* It is of interest that these 
reports stressed prompt reduction in local edema, followed by diminution in 
pain, redness, heat, leukocytosis, and limitation of motion. Underlying mech- 
anisms were obscure but it was suggested that trypsin helped maintain local 
blood and lymph flow in areas of acute tissue injury. Whether these results 
correlated with direct intravascular and intralymphatie alterations, or were 
related to removal of extraneous barriers to blood and lymph flow could not be 
ascertained. 

In order to further elucidate these mechanisms, trypsin and other pro- 
teolytic enzymes were administered to animals in whom several phenomena 
associated with acute inflammation had developed. Observations made during 
this study suggest that proteolytic enzymes reverse inflammation by correct- 
ing fundamental biochemical and structural abnormalities in acutely inflamed 
tissue. The biochemical abnormality appears to be a homeostatie disturbance in 
the proteolytic enzyme-macromolecular protein substrate equilibrium. 


MATERIALS 


One hundred forty-one rabbits, with an average weight of 2 kilograms, were fed food 
pellets and were given water ad libitum. Crystalline trypsin and chymotrypsin prepara- 
tions were used. The usual dose was 3 mg. dissolved in saline solution when given in- 
tramuscularly or intraperitoneally. In the intravenous rabbit eye experiments one group 
received 30 mg. trypsin, another received 30 mg. chymotrypsin. A third received 40,000 
units streptokinase. Each enzyme preparation was dissolved in saline solution and given 
intravenously. Trypsin and chymotrypsin were given at a rate of 6 to 8 drops per minute. 
Streptokinase was given rapidly. Croton oil, 15 per cent mustard oil in mineral oil, and 
sodium Sotradechol were used as inflammatory irritants. Fifty per cent India ink was 
used in the permeability experiments. Ten mg. trypsin, 10 mg. chymotrypsin, and 25,000 
units streptokinase was added to 2 ¢.c. samples of India ink. 


METHODS AND PROCEDURE 


1. Mustard Oil Edema.—Four drops of mustard oil was instilled in one eye in each of 
72 rabbits. Six hours later the acute inflammatory reaction was graded on a 1 to 4 plus 
basis, depending upon the extent of chemosis, lachrimation, and edema of the nictitating 
membrane. There were 54 4 plus reactors. The other 18 animals were discarded. Nine 
rabbits received trypsin, another 9 received chymotrypsin, and another 9 received strep- 
tokinase. The remaining 27 served as controls. 

2. Edema Plus Thrombosis.—Thrombi were produced in the marginal ear vein of 30 
rabbits by injecting 14 ¢.c. sodium Sotradechol. Three hours later, 10 rabbits received 30 
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mg. chymotrypsin intravenously, and 10 rabbits received 50,000 units streptokinase every 
four hours for 5 doses. The remaining 10 rabbits received saline solution. Histologic 
sections were obtained from involved ear segments. 

3. Croton Oil Abscesses——Two c.c. croton oil was injected subcutaneously into each of 
15 rabbits. Twenty-four hours later, abscess formation was noted in 9 animals. Five of 


A. 





B. 


Fig. 1.—A, Mustard oil-induced acute inflammation of the rabbit eye. Note marked 
edema with loss of anatomic landmarks of the nictitating membrane. 
B, Following 5 intravenous infusions of trypsin, dose 30 mg. each. 


these rabbits received 3 mg. trypsin intramuscularly every three hours for 10 doses. The 
4 remaining animals in this group received saline solution intramuscularly. 

4. Tissue Permeability—Twenty-four rabbits were depilated on both flanks. Each 
animal received, in one flank, an intracutaneous injection of 0.1 ¢.c. India ink. After 
thirty minutes the area of spread was determined. The other flank was then injected. 
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Six animals were given 0.1 ¢.c. India ink plus trypsin*; 6 received 0.1 ¢.c. India ink pl 
chymotrypsint; 6 received 0.1 ¢.c. India ink plus streptokinase}; 6 received saline solutio: 
Thirty minutes later the area of spread was determined. 


RESULTS 

1. Acute Inflammatory Edema (Fig. 1).—Instillation of mustard oil di 
rectly on the rabbit’s eye elicited an immediate reaction characterized by in- 
tense lacrimation and photophobia. In one to three hours the nictitating mem- 
brane showed marked engorgement, thickening, and distortion with complete 
loss of landmarks. Twenty-four hours later, in a group of 27 controls, 7 
showed spontaneous reversal of inflammation. The remaining 20 developed 
diffuse chemosis and panophthalmitis, and twenty-four to seventy-two hours 





Fig. 2.—A, Massive thrombosis and interstitial edema, rabbit ear. 

B, Following chymotrypsin the thrombus persists, but interstitial edema and inflamma- 
tory exudate have subsided. 
later each showed evidence of necrosis of the orbit and blindness. At the end 
of the first twenty-four hours, in the trypsin-treated group, intense edema of 
the nictitating membrane was evident in 2 rabbits; the remaining 7 rabbits 
showed unequivocal subsidence of edema of the nictitating membrane. In the 
chymotrypsin group, there was subsidence of inflammatory reaction in 6 and 
no change was noted in 3; in streptokinase-treated rabbits, 8 showed sub- 
sidence of inflammation. At seventy-two hours, 2 trypsin-treated and three 
chymotrypsin-treated rabbits showed orbital necrosis and panophthalmitis; the 
remaining treated rabbits had cleared entirely. 

*Five mg. trypsin (National Drug Company) dissolved in 1 c.c. India ink. 


{Five mg. chymotrypsin (National Drug Company) dissolved in 1 c.c. India ink. 
140,000 units streptokinase (Lederle Laboratories) dissolved in 1 c.c, India ink. 
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2. Acute Inflammatory Edema Plus Venous Thrombosis (Fig. 2).—Two 
hours after Sotradechol injections, the ears of all injected rabbits were 
edematous; large, palpable, visible marginal vein thrombi were apparent. 
The weight of the entrapped fluid caused the ears to drop down. In controls 
twenty-four hours later, the cut section failed to bleed and histologic sections 
revealed organized massive venous thrombi, congestion, hyperemia, and 
edema. There was considerable swelling and granularity of endothelial cells, 
particularly involving the smaller blood vessels. Gross and microscopic evi- 
dence of necrosis were present in each of 10 controls at the end of seventy-two 
hours. At twenty-four hours, 18 of 20 treated rabbits showed evidence of 





A. B. 


Fig. 3.—A, Croton oil abscess, showing beginning subcutaneous inflammatory exudation 
at twenty-four hours. 
B, Intense edema and infiltration at forty-eight hours in a control. 


decreased edema, and bleeding occurred from areas cut for histologic sec- 
tions. Histologic sections of treated rabbits at twenty-four hours showed 
only moderate interstitial edema, with seant evidence of congestion or local- 
ized collections of blood. 

3. Acute Suppurative Infammation (Fig. 3).—Twenty-four hours follow- 
ing eroton oil injections, 9 of 15 rabbits developed well-demarcated abscesses. 
The 4 saline-treated rabbits developed thick purulent exudates after forty- 
eight to seventy-two hours. Biopsies taken from seventy-two to ninety-six 
hours postonset showed occasional lymphatic vessels plugged with fibrin. At 
te end of one week, 3 rabbits showed definite signs of abscess resolution, 





of acute inflammation in a trypsin-treated rabbit. 


D. 


, D, Swollen endothelium and intraluminal desquamated cell in a control at forty-eight 
10urs. 

#H, Vascular endothelium appears relatively normal in a treated rabbit. Observe presence 
of blood cells in lumina. 
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but the fourth continued to drain thick material for an additional four days. 
At forty-eight hours each of the five treated rabbits showed signs of improve- 
ment. In each animal the lesion appeared less tense, paler, and softer than 
controls at a similar period. Aspirated material was definitely thinner and 
more mucoid than controls. Biopsies showed evidence of an acute inflam- 
matory reaction, but sections taken at seventy-two hours showed marked clear- 
ing of interstitial edema and inflammatory infiltrate. 

4. Permeability Studies (Table I).—Treated animals showed 50 per cent 
to 70 per cent increase in area of dye spread compared with pretreatment 
dimensions. The saline-treated group showed no change. 


TABLE I. INFLUENCE OF TRYPSIN UPON TISSUE PERMEABILITY 








PRETREATMENT SIZE AFTER 
RABBIT SIZE (CM.2) SALINE TREATMENT (CM.2) 


3.08 
eo No 
aa appreciable 


ee change 


3.91 











SIZE AFTER 
TRYPSIN TREATMENT (CM.2) 
3.06 4.86 
3.13 5.74 
4.02 5.61 
Group II 3.94 5.23 
4.13 5.54 


3.84 5.17 








DISCUSSION 


Reversal of acute inflammation following parenterally given trypsin was 
deseribed in 1952.12. Several confirmatory reports have appeared.*"'* In the 
present experiments a consistent response to proteolytic enzymes was sub- 
sidence of edema. Martin’s’ report on egg-white edema reduction in rats 
following trypsin parallels our findings of rapid edema subsidence in both 
the mustard oil and Sotradechol experiments. In order to further elucidate 
the antiedemie response, permeability studies were performed. 

Each enzyme demonstrated a spreading effect, often 70 per cent greater 
than the controls. Day'® has recently shown that, in acute inflammation, con- 
nective tissue impermeability follows impaction of highly polymerized fibrin 
and other protein macromolecules within the stromal meshwork. Enzymatic 
hydrolysis of macromolecular proteins in inflamed connective tissue stroma 
would, therefore, increase porosity. It appears likely that, following proteo- 
lytie enzyme therapy, edema fluid disperses through adjacent tissue in a manner 
analogous to, but, biochemically, fundamentally different from, the spreading 
effect of hyaluronidase. 

Clinically, several workers reported subsidence of inflammation, par- 
ticularly of local edema, in acute thrombophlebitis, after only a few trypsin 
injections.’ 1214 It has been emphasized that thrombolysis occurs much 
more gradually,” * 1° requiring weeks to months, and is not a direct trypsin 
effeet, but, in all probability, the result of naturally occurring lytic factors,* ™ 
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possibly activated by trypsin. Apropos of this, we observed in the presen‘ 
acute experiments rapid subsidence of inflammation; but massive throm) 
remained essentially unchanged (Fig. 2). Histologic study of pretreatment 
ear sections showed large thrombi and a dense inflammatory reaction consist 
ing of leukocytes, extravasated red cells, interstitial edema, and architectural! 
distortion. At twenty-four hours controls showed much further architectural! 
distortion. On the other hand, treated rabbits at twenty-four hours showed 
striking reduction in interstitial edema, congestion, hyperemia, leukocytie in 
filtration, and vascular endothelial swelling. Massive thrombi, however, ap 
peared relatively unchanged (Fig. 2). 

In treated animals areas sectioned for biopsy frequently bled. Inter- 
estingly, the same phenomenon was observed in a previous study following 
massive doses of trypsin. In this prior study it was presumed that restora- 
tion of blood flow implied dissolution of preformed thrombi. That this is 
not necessarily so is clearly shown in this investigation, wherein bleeding 
occurred only in treated animals, presumably following removal of small vessel 
extravascular obstructive factors; thrombi were unchanged in major vessels. 
In controls, however, areas sectioned for biopsy did not bleed. The involved 
segments became infareted and gangrenous in forty-eight to seventy-two 
hours. Microscopically, control sections at forty-eight and seventy-two hours 
showed distended endothelium of capillaries and arterioles, with perivascular 
collections of cellular debris and degenerating red and white eells. Fibrin 
deposits were occasionally noted in medium-sized vessels. Failure of control 
tissue to bleed on cut section may, therefore, be attributed, in some measure, 
to progressive intravascular lumenal encroachment by distended endothelium 
and extravascular compression due to edema, cellular infiltration, and necrotic 
debris. 

In controls, irreversible ischemia involved two major factors: (a) per- 
sistent thrombi in major vessels, and (b) intravascular and extravascular com- 
pression of smaller caliber vessels. 

In treated rabbits ischemia was reversible in 18 of 20 (80 per cent). Al- 
though large vessel thrombi were relatively unchanged, enzyme therapy had 
virtually eliminated the factor of perivascular exudative compression involving 
small blood vessels. These findings suggest that, during the stage of irreversible 
thrombotic occlusion of major vessels, restoration of tissue vascularity may he 
achieved by enzymatic modification of extrinsic barriers to small vessel blood 
flow. 

Two decades ago Peters’ introduced the term ‘‘biochemieal lesion’’ in 
order to erystallize the idea that pathologie disturbances in tissue might he 
initiated by changes in their biochemistry. The very fact that biochemical 
lesions are often reversible provides us with a means of building bridges be- 
tween purely chemical disturbances and events in vivo. An important local 
biochemical lesion in acute tissue injury may be an imbalance between macro- 
molecular proteins in varying stages of degradation (coagulated plasma, con 
nective tissue meshwork, edema fluid, hemorrhagie foci, cellular debris) and 
the level of proteolytic enzymes. Expressed more simply, a fundamental de- 
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feet may be an inadequate rate of hydrolyzing macromolecular proteins in 
areas of acute cellular damage owing to vascular blockage and inaccessibility 
of fresh proteolytic enzymes. This biochemical abnormality predisposes to a 
tissue environment of high viscosity and marked impermeability. Restora- 
tion of the required rate for proteolytic enzyme-substrate interaction, follow- 
ing proteolytic enzyme therapy, may provide the ‘‘biochemical bridge’’ for 
promptly correcting complex vascular, lymphatic, interstitial, and metabolic 
abnormalities in chemically induced acute inflammation. 


SUMMARY 


Several phenomena associated with acute chemical inflammation were 
consistently reversed following administration of proteolytic enzymes to 
rabbits. This finding is consistent with the view that an important bio- 
chemical abnormality in acute inflammation relates to an inadequate rate of 
proteolytic phenomena. It is further suggested that a basic homeostatic de- 
rangement is an impaired proteolytic enzyme-macromoleecular protein substrate 
equilibrium. It appears that augmented proteolytic activity promptly relieves 
inflammation, following enzyme therapy, by modifying proteinaceous perivascu- 
lar and tissue permeability barriers. 
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END RESULTS IN THE REPLACEMENT OF MUCOUS MEMBRANE OF 
THE URINARY BLADDER WITH THICK-SPLIT GRAFTS OF SKIN 
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(From the Departments of Surgery [Urology], Cornell University Medical College, Bellevw 
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of The New York Hospital-Cornell University Medical College) 


HE purpose of this paper is to report the results of an experiment which 

was undertaken to determine the feasibility of removing the entire mucous 
membrane of the bladder in patients with multiple recurrent papillary tumors 
which eventually might undergo malignant degeneration. In our search for a 
material suitable for this purpose, thick-split grafts of skin were selected in spite 
of certain probable disadvantages inherent in skin. In a previous publication’ 
a preliminary report was made on the removal of the mucous membrane of the 
urinary bladder in the dog and its replacement with free thick-split grafts of 
skin. 

In a series of eight dogs, it was possible to transplant free grafts of skin 
to the denuded detrussor muscle on the inner surface of the bladder. In only 
one of the eight dogs was a portion of the graft unsuccessful. The difficulties 
inherent in grafting a concave surface bathed by urine in a distensible and con- 
tractile organ were overcome successfully. 

In this procedure a thick-split graft of skin was cut from the shaved and 
sterilized upper abdomen of the anesthetized dog by means of a baby Padgett 
dermatome. This skin contained hair follicles typical of the mongrel dog and 
presented us with the problem of a foreign body appearing subsequently in the 
lumen of the bladder. After the bladder had been brought on to the abdominal 
wall through a midline suprapubic incision, it was opened longitudinally. The 
mucous membrane of the bladder was removed, except on the trigone, by sharp 
and blunt dissection (Fig. 1). The mucous membrane of the trigone was left 
intact (Fig. 2), and the thick-split graft of skin was sutured to the posterior 
margin of the trigone (Fig. 3). Deep tacking sutures were utilized to approxi- 
mate the graft to the detrussor muscle (Fig. 4). The grafts were immobilized 
further and kept in apposition with the muscle by pressure from a finger col 
which had been distended with water to act as an opposing balloon (Fig. 9). 
In each instance the balloon was removed in approximately two weeks when the 
transplant was inspected during a second suprapubic operation. 

Three dogs were given 500 mg. of betanaphthalamine daily for eighteen 
months. Marshall and Green? have noted that when this carcinogen is givell 
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Fig. 1 rig. 2. 
Fig. 1.—The mucous membrane of the bladder is dissected from the detrussor muscle. 
_ Fig. 2.—After the mucous membrane was dissected from the detrussor muscle, it was 
excised sharply above the trigone, leaving a cuff of normal mucous membrane as a control. 
The dogs were placed upon betanaphthalamine postcperatively, an agent which is known to 
cause the formation of carcinoma in normal mucous membrane. We wanted to see what 
effect this agent would have upon the skin-lined bladders and also upon the remaining cuff 


of mucous membrane. 


oe 
a 





Fig. 4. 


Fig. 3. 
= Fig. 3.—A thick-split skin graft, taken from the dog’s abdomen by means of a baby 
Padgett dermatome, is sutured to the remaining cuff of mucous membrane and to the de- 
trussor muscle. 

i in situ. Several “tacking” sutures maintain the graft 


_ ,.,.Fig. 4.—The skin graft is now 
i: intimate apposition to the detrussor muscle, 
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Fig. 5. Fig. 6. 


Fig. 5.—The bladder is closed about a finger cot balloon which serves as an obturator, 
exerting equal pressure upon the graft in all directions. 

Fig. 6.—Photograph of a skin-lined bladder reopened after six weeks with the balloon 
removed. _ Transplantation of the graft has been completely successful. The hemostat points 
to the skin-mucosal junction at the trigone. 





Fig. 7.—Grafted surface of bladder two years postoperatively; two large vesical calculi whic! 
formed in the bladder, 
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to dogs with normal urinary tracts, in this dose for the same period of time, 
over half will develop carcinoma of the bladder. We wished to ascertain whether 
carcinoma would develop upon the normal mucosa of the trigone and not upon 
the grafted skin. 
RESULTS 

In one of the eight dogs in this series the mucous membrane was removed 
and no graft was applied to replace it. Spontaneous epithelialization was al- 
lowed. In this instance a small contracted bladder resulted. In seven animals 
the major portion of the bladder was surfaced with free thick-split grafts of 
skin, leaving the mucous membrane of the trigone intact. Three of these seven 





Section from normal bladder of dog. 


Fig. 8. 





dogs died, two of them in the immediate postoperative period, one of distemper, 
and one of peritonitis due to a urinary leak through the suture line of the bladder 
closure. The third dog died of pyelonephritis and uremia when the partially 
deflated balloon was foreed into the urethra causing urinary obstruction. Four 
of the seven dogs whose bladders were surfaced with free thick-split grafts of 
skin were followed for a period of two years. One of these was a male. Be- 
cause of the difficulty encountered in eystoscoping a male dog, this animal was 
kept as a control. He developed vesical calculi in two years and died of pyelo- 
nephritis. The three remaining dogs were sacrificed and their bladders were re- 
moved for gross and microscopic study. In each instance there was contraction 
of the grafted portion of the bladder. At the same time, the remainder of the 
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Fig. 10.—Section from skin-grafted area two years postoperatively. Eighteen months of 
betanaphthalamine. 
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bladder hypertrophied. Some hair grew on each graft as anticipated and 
crystals formed on many of the hairs. In three, large vesical caleuli formed 
(Fig. 7). In the fourth dog a diffuse incrustation of the grafted area resulted. 
No tumor formed on the skin graft or on the normal mucosa of the bladders of 
the three dogs treated with 500 mg. of betanaphthalamine daily for eighteen 
months (Figs. 8 to 11). The failure of these animals (sacrificed twenty-four 
months postoperatively) to develop carcinoma would justify further investiga- 


tion. Marshall and Green? have treated twenty-three dogs with varying doses 





Fig. 11.—Skin graft two years postoperatively; note keratinization. 


of betanaphthalamine while making repeated investigations of their bladders 
to observe the appearance time of carcinoma. They found that carcinoma of 
the bladder developed in twelve of the twenty-three dogs in eighteen months 
or less. This would seem to indicate that at least one of these dogs should have 
developed cancer in this period of time. Our series is too small and the medica- 
tion period too short to warrant the conclusion that the skin graft prevented 
the development of carcinoma. We hope to be able to continue this investiga- 
tion on a larger scale over a longer period of time. 
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SUMMARY 


It is technically feasible to replace the mucous membrane of the bladde: 
with skin. Skin, however, is not the ideal material to use. Even the relativel; 
hairless skin available in the human being still contains velus hairs, and hairs 
sause stone formation. It is thought that a more suitable donor material with 
which to line the urinary bladder could be found in the tunica vaginalis, peri 
toneum, or omentum. Carcinoma of the bladder failed to develop in thre 
dogs treated with 500 mg. of betanaphthalamine daily for eighteen months and 
sacrificed twenty-four months after their bladders had been resurfaced with 
thick-split grafts of skin. 
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MARGINAL ULCER 


An ANALYSIS OF TWENTY CASES AND A CASE PRESENTATION IN WHICH ADENO- 
CARCINOMA OCCURRED AT A GASTROENTEROSTOMY SITE 


LAMAR SmirH, M.D.,* anp VANCE M. SrranGe, M.D.,** San FRANCISCO, CALIF. 
(From Southern Pacific General Hospital) 


indicates a definite failure in the surgical treatment of duodenal and ° 
gastric ulcers. It represents, essentially, a failure in the treatment of duodenal 
uleer, most commonly following gastroenterostomy and not infrequently follow- 
ing gastric resection for duodenal ulcer. It occasionally follows surgery for 
gastric ulcer, but rarely does it follow surgery for gastric carcinoma. 

Over the past nine years (January, 1946, to January, 1955), there have 
been 20 cases of marginal ulcer occurring in 17 male patients at the Southern 
Pacifie General Hospital. The diagnosis was substantiated at surgery in all of 
the cases but 1, and in this case there was an ulcer niche visible upon x-ray 
examination. 

Although the number of eases in our study is small, it is felt that their 
presentation will be of interest. 

The ages of the patients in this series ranged from 32 to 69 years, with an 
average age of 52.9 years. 

There were 14 patients (82.3 per cent) in which the previous ulcer was 
duodenal, 2 patients (11.8 per cent) in which it was gastric, and 1 patient in 
which both gastric and duodenal ulcers were present. This distribution is com- 
mensurate with the reports of others.?* 7° The incidence of marginal ulcer 
varies with the type of previous surgery. Priestley,?* stated that the average 
incidence of marginal uleer following gastroenterostomy for duodenal ulcer is 
about 15 per cent. Reports varied from 2.8 to 34 per cent.” Lewisohn,” who 
reported an incidence of 34 per cent, felt that the lower incidence reported by 
others was due to inadequate follow-up on eases. The incidence of marginal 
ulcer following gastric resection for duodenal ulcer varies from 0.5 to 4.32 per 
cent.2° This lower incidence is to be expected since gastric resection has been 
found far superior to gastroenterostomy in the treatment of peptie ulceration 
of the stomach and duodenum. 

The type of surgery performed prior to the formation of a marginal ulcer 
is as shown in Table I. Gastroenterostomy, alone and combined with vagotomy 
or excision of a gastric ulcer, had been carried out in 13 (76.4 per cent) of the 


— ulcer is of particular interest to the surgeon since its occurrence 
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patients. Subtotal gastric resection had been performed in only 4 (24.6 pe) 
cent) eases. In 1 of the 4 patients the pyloric antrum was excluded due t 


technical difficulties. 


TABLE I. INCIDENCE OF PREVIOUS SURGERY BY TYPE 




















TYPE OF SURGERY “at | CASES ~ PER CENT 
Gastroenterostomy 9 7% 
Gastroenterostomy and vagotomy 3 
Gastroenterostomy and excision of gastric ulcer 1 

Total 137 76.4 
Subtotal gastric resection '—_ 
Subtotal gastric resection with pyloric exclusion l 
4 24.6 





Total 





The duration from the time of previous surgery to the time of diagnosis 
of marginal ulcer averaged 8.98 years when the previous surgery had been gastro- 
enterostomy, and 7.17 years when it had been a gastric resection. This differs 
markedly from the findings in Walters”® series of 301 eases, in which the dura- 
tion was 11.2 years following gastroenterostomy and 3.7 years following gastric 
resection. Allen has made the statement that of marginal uleers which occur 
following gastroenterostomy, one-third occur within the first year postopera- 
tively, another third in the second year, and the others thereafter. Priestley* 
reported that 56 per cent of his cases developed symptoms of marginal ulcer 
within the first two years postoperatively. 

The symptoms and signs associated with marginal ulcer are recorded in 
Tables II and III. Pain, nausea, and vomiting were the symptoms most fre- 


TABLE II. SYMPTOMS AND SIGNS IN 20 CASES OF MARGINAL ULCER 

















TYPE OF SYMPTOMS NO. CASES 
Pain 18 
Vomiting 14 
Nausea 12 
Weight loss (average 19 pounds) 8 
Diarrhea 6 
Melena and hematemesis 6 
Melena alone 5 
Weakness 5 
Fainting 3 
Fulness 2 
Dizziness 1 
Belching 1 
Hematemesis alone I 
TYPE OF SIGNS - —— 
Tenderness — - 10 
Muscle guarding 2 
Palpable liver 2 
Boardlike rigidity 1 
] 


Absent peristalsis 





quently encountered. It has been found that the pain of marginal ulcer differs 
from that of duodenal ulcer in that it is usually of greater severity, is less re- 
sponsive to alkalies, and more frequently oceurs at night. Also, the pain is 
usually located more to the left and lower than that associated with duodenal 
ulcer,?* *5:?6 Jn Tosseland’s?* series, the shifting of pain downward was noted 
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in 55 of 86 patients. In our series, pain occurred in 18 of 20 cases (90 per cent), 
and was usually mild to moderately severe and epigastric in location. In 8 
cases it was related to meals, and in 3 eases it occurred at night. The pain was 
relieved by food, milk, an antacid, or vomiting in 11 cases. Abdominal tender- 
ness was the mest frequent sign encountered, occurring in 10 cases. The posi- 
tion of the tenderness usually corresponded with the position of pain. 
Complications of marginal ulcer are bleeding, perforation, and the forma- 
tion of a gastrojejunocolic fistula.** 2° 2° Bleeding occurs more often with 
marginal ulcer than with duodenal and gastric ulcers. It occurred in 12 of 20 
cases (60 per cent). The bleeding was considered massive if there was associated 
shock, if 2,500 ¢.c. of whole blood was necessary to restore the blood level to 
normal, or if the associated anemia was of such severity as to give an erythro- 
eyte count of 2.5 million per cubie millimeter or a hemoglobin of less than 7.0 
Gm. per cent. There were 3 patients (15 per cent) who were considered to 


have massive bleeding. 


TABLE III. ANALYSIS OF PAIN 














LOCATION | NO. CASES | SEVERITY | NO. CASES | TIME | NO. CASES 
Epigastrium 11 Severe 4 Related to 8 
meals 
Umbilicus 1 Moderately 7 
severe Night 3 
Substernal Mild = 
Left upper quadrant 2 . - 
Right upper quadrant 1 
Left and right upper 1 
quadrant 
All over abdomen 1 
Total 18 Total 16 Total 11 





Perforation occurred in 2 cases (10 per cent), and a gastrojejunocolic 
fistula occurred in 2 eases. Both eases in which a gastrojejunocolic fistula 
developed occurred where the previous surgery had been a posterior gastro- 
enterostomy for duodenal ulcer. This is usually the case because of the close 
proximity of the transverse colon to the anastomosis. 

Another complication, which is fortunately rare, but which occurred in one 
case in this study, is the occurrence of a carcinoma at the gastroenterostomy 


site. 
CASE HISTORY 


A 68-year-old white man was admitted to the Southern Pacific General Hospital on 
April 1, 1949, complaining of weakness for the previous one to two years. This was asso- 
ciated with epigastric distress, nausea, and regurgitation of a bitter, yellow material. 

In 1935 the patient had undergone surgery for a gastric ulcer of the lesser curvature 
of the stomach. A wedge excision of the ulcer and a gastroenterostomy were performed. 
Microscopic examination of the ulcer revealed no evidence of malignancy. 

The admission examination in 1949 revealed a senile, pale, elderly person with a blood 
pressure of 135 mm. Hg systolic, and 68 mm. Hg diastolic; and an enlarged liver presenting 
a sharp border 6 em. below the right costal margin. There was an anemia, with a hemo- 
globin of 8.5 Gm. per cent and an erythrocyte count of 3.8 million per cubic millimeter. 
Other laboratory studies showed an albumin-globulin ratio of 5.2 Gm. per cent to 2.7 Gm. 
per cent; cephalin cholesterol flocculation 1 plus; and an occult blood in the stool of 4 plus. 

Achlorhydria was substantiated by three gastric analyses using histamine as a stimulant. 
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On x-ray examination of the stomach there was a semilunar area of decreased density 


at the gastroenterostomy site (Fig. 1). By roentgenogram, the differentiation between a 


tumor or an inflammatory mass was not possible. 

The loss of blood continued, as was demonstrated by a persistent 4 plus occult blood in 
the stools. The anemia progressively became worse. The patient received several trans 
fusions and felt so much better that he refused to stay in the hospital. He returned to thi 
hospital several times thereafter to receive blood transfusions. Another stomach roentgeno 
gram made five months after the first showed the same semilunar indentation as the original] 





Fig. 1.—Roentgenogram showing the semilunar area of decreased density located at the gas- 
troenterostomy site. At surgery this was found to be an adenocarcinoma. 


x-ray film plus the presence of an ulcer niche. Surgery was advised, but was refused until 
1950. At surgery, a large, firm mass was seen to occupy the gastroenterostomy site. The 
regional lymph nodes were enlarged, and subsequent pathologic examination of one of thes 
nodes revealed it to be invaded by adenocarcinoma. 

The patient had an uneventful postoperative recovery, and was discharged at his own 
request on the sixteenth postoperative day. He died at home on Feb. 14, 1950, without 


having returned to the hospital. 
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Gray and Lofgren"! have emphasized the high incidence of malignaney in 
lesions which occur following gastroenterostomy. They studied 825 eases in 
which gastroenterostomy had been the previous surgery. Of 53 patients in 
which gastric lesions developed, 18 (34 per cent) were found to have gastric 
carcinoma at surgery. The incidence of malignancy was greater when the 
previous surgery had been for gastrie ulcer than when the previous surgery had 
been for duodenal ulcer. 

In a review of the literature, and with the addition of 5 cases, Orringer*! 
reported a total of 27 cases in which carcinoma of the stomach had occurred 
following gastroenterostomy or gastrie resection for chronic duodenal uleer. In 
the majority of these cases the gastroenterie anastomosis was not the site where 
the carcinoma developed; thus it would seem that the site of anastomosis itself 


TABLE ITV. GASTRIC ANALYSES IN CASES OF MARGINAL ULCER 











SURGERY FOR MARGINAL ULCER 














ACID BEFORE SURGERY ACID AFTER SURGERY 
TYPE OF PREVIOUS TOTAL FREE TYPE OF TOTAL FREE 
SURGERY CASES ( DEGREES ) | (DEGREES ) SURGERY (DEGREES ) | (DEGREES ) 
Gastrie resection A.B: 94 84 Gastric reresee- 14 0 
with exclusion of tion 
pylorus 
Gastric reresection R. O. W. 12 0 Vagotomy a — 
for marginal ulcer 
Gastroenterostomy J. P. N. 95 60 Gastric resec- — a 
; tion 
i. a ee 58 46 Gastric resec- 8 0 
tion 
L. H. S. — — Excision gastro- 85 50 
jejunocolie 
fistula 
R. O. B. _ —- Closure perfora- 24 0 
tion 
Cc. C. L. 1] 0 Exploratory — — 
J. B. 35 20 Excision gastro- — — 
jejunocolie 
fistula and 
gastric resec- 
tion 
Closure perfora- 4. T. B. 104 94 Gastric resec- —- — 
tion and gastroen- tion 
terostomy 
Gastroenterostomy J. D. 120 100 Gastric resec- — — 
and vagotomy tion 





is not predisposed to the formation of carcinoma. Perhaps the presence of a 
marginal uleer on the gastric side of the anastomosis would be associated with 
the same tendency toward malignant change that any gastrie uleer would; but 
it has been found that the majority of marginal ulcers are actually jejunal 
ulcers, and thus lack this propensity for malignant change. 

Although the occurrence of carcinoma at the gastroenterostomy site is rare, 
the possibility should be considered in any ease in which a marginal ulcer is 
suspected. Yaffe has reported a case similar to the one in this series.* 

Roentgenograms were made in 18 of 20 cases, and in only 11 eases (61.2 
per cent) was a definite uleer niche visualized, being diagnostic of a. marginal 
uleer. In 4 eases (22.2 per cent) there were findings sufficient to make one 














SMITH AND STRANGE - Serge 


446 


suspect a marginal ulcer. In 3 eases (16.6 per cent) there were insufficien 
findings to make this diagnosis, although a definite marginal ulcer was found 
at surgery in each case. Walters found that a diagnosis of marginal ulcer was 
made by x-ray examination in 50 per cent of the cases where the previous 
surgery had been gastric resection, but in only 37 per cent of the cases wher 
the previous surgery had been gastroenterostomy.”° 

By utilizing both the gastrointestinal series and the barium enema on x-ray) 
examination, an accurate diagnosis is usually possible in every case of gastro 
jejunocolie fistula. The fistula was visualized in both eases in this series. 

A gastrie analysis was determined in 10 of 17 patients, but in only 2 was 
it made both before and after surgery (Table IV). In spite of the previous 
surgery, there was usually a hyperacidity associated with the marginal ulcer. 
The gastric analysis in the ease in which a subtotal gastric resection with a 
pyloric exclusion had been performed revealed a free acid of 84 degrees prior 
to surgery and a reduction to 0 degrees after a gastric reresection. This reduc- 
tion in acid would make one feel secure in assuming that a recurrence of 
marginal uleer would not be possible; but, in a similar case in which a gastric 
reresection for a marginal ulcer had been performed, a marginal ulcer recurred 
in spite of the gastric analysis which showed a free acid of 0 degrees and a 
total acid of only 12 degrees. If one can assume that there was a true achlor- 
hydria and that the regurgitation of neutralizing alkaline duodenal contents 
did not occur while the gastric analysis was being made, then the achievement 
of an achlorhydria is not invariably associated with success. The gastric analysis 
in which a gastroenterostomy had been the previous surgery revealed an aver- 
age total acid of 73 degrees and free acid of 55 degrees. In one ease the free 
acid diminished from 46 degrees to 0 degrees following a gastric resection. 
The case in which a carcinoma at the site of anastomosis was found was ex- 
cluded from the average since it would be more representative to average the 
eases in which marginal ulcer alone developed. In the ease in which the previous 
surgery had been vagotomy and gastroenterostomy, the total acid was 120 de- 
grees and free acid 100 degrees. These high levels lead one to assume that an 
incomplete vagotomy had been performed or that the hormonal phase of gastric 
secretion was predominant in this ease. 

The treatment for marginal ulcer used in our series is seen in Table V. Ot 
the 15 eases with marginal ulcer after previous gastroenterostomy, there was 
only 1 which was not treated surgically. This ease had a recurrence of the 
marginal ulcer eight years later, requiring a subtotal gastrectomy. One case 
was treated by closure of a perforated marginal ulcer. The ulcer recurred 
seventeen months later and the patient was transferred to another hospital 
where a gastric resection was performed. A gastrojejunocolic fistula was pres- 
ent in 2 eases. These were treated by excision of the fistula and subtotal gas- 
tric resection in both eases. In one of these the gastric resection was performed 
as a second stage procedure four months following the first procedure when the 
fistula was excised. 
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TABLE YV. TREATMENT OF MARGINAL ULCER IN 20 CASES 








TYPE OF PREVIOUS SURGERY (NO. CASES ) 
TYPE OF TREATMENT GASTROENTEROSTOMY | GASTRIC RESECTION 











Nonsurgical 1 

Closure perforation 1 

Transfer to another hospital for gastric 1 
resection 

Excision gastrojejunocolic fistula with gas- 
trie resection 

Gastrie resection with anterior gastro- 
jejunostomy 

Pesterior gastrojejunostomy 

Exploratory and biopsy 

Gastric reresection 

Vagotomy 

Total 


9 
— 


1 eh So —) oro 








*Roux Y 


In 9 cases a subtotal gastrectomy and gastrojejunostomy were carried out. 
There were 7 anterior gastrojejunostomies, of which 4 were of the Roux Y type. 
There were 2 posterior Roux Y type gastrojejunostomies performed. Explora- 
tion with a lymph node biopsy was carried out in 1 case in which a carcinoma 
occurred at the gastrojejunostomy site. 

Of the 5 cases with marginal ulcers following gastrie resection, there was 
1 case which required closure of a perforation. In 3 eases the resection was 
considered inadequate, and a gastric reresection was performed. In 1 of these 
a marginal uleer recurred one year later, and a subdiaphragmatie vagotomy 
was carried out. 


Postoperative complications occurred in 11 of 18 cases (61.1 per cent). In 
3 of these more than one complication ensued. Respiratory complications lead 
the list, accounting for 31.2 per cent of all complications. The other compli- 
cations are listed in decreasing order of frequency (Table VI). 


TABLE VI. POSTOPERATIVE COMPLICATIONS OCCURRING IN 11 OF 18 CASES (61.1 PER CENT) 








TYPE | FREQUENCY 





Respiratory 

Efferent loop obstruction 
Wound infection 
Peritonitis 

Afferent loop obstruction 
Hemorrhage 

Fecal fistula 

Blown-out duodenal stump 


it pet et DOD DO COO 





Follow-up studies were obtained in all but 2 cases (Table VII). The 
length of time of follow-up studies was between three months and eight years, 
with an average of 4.8 years. The results were considered excellent when the 
patient had had no symptoms whatsoever; good when there were no symptoms 
referable to the previous disease (pain, bleeding, and vomiting), but with mild 
symptoms of the postgastrectomy syndrome (fullness, faintness, vomiting, or 
weakness after meals); fair when there were both types of symptoms, but with 
definite improvement since surgery; and poor when there was a definite reeur- 
rence of the marginal ulcer or a strong suspicion of recurrence, 
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TABLE VII. RESULTS OF SURGICAL TREATMENT OF MARGINAL ULCER 








"RESULTS (NO. CASES) 
<= l l DEATHS 














NO. EXCEL- | | | OPERA- NO FOi 

TYPE OF TREATMENT CASES LENT | GOOD | FAIR | POOR | TIVE | LATE | LOW-UI 
Closure perforation 2 I 
Transfer to another hos- 

pital for gastric resection 1 ] 
Excision gastrojejunocolic 

fistula with gastric resee- 

tion 2 2 
Gastric resection with an- 

terior gastrojejunostomy 7 (4)* 2 (2) 3(2) 2 
Posterior gastrojejunos- 

tomy 2 (2)* 1(1) 1(1) 
Exploratory and biopsy 1 
Gastric reresection 3 1 l 
Vagotomy 1 l 
Totals 19 4 5 2 3 - . 
Per Cent 100 21.0 26.3 10.6 = 15.8 10.6 5.2 10.5 

*Roux Y 


Of the 19 patients treated surgically, there were 2 operative deaths, con- 
stituting a surgical mortality of 10.6 per cent. Both of these occurred eight 
days following a gastric resection. One patient was a 64-year-old white man 
with hypertensive and arteriosclerotic heart disease, who began bleeding trom 
the stomach on the third postoperative day. The patient was taken to surgery, 
but he suddenly died before the procedure could be started. The second death 
was that of a 34-year-old white man, who developed an afferent jejunal loop 
obstruction with a subsequent rupture of the duodenal stump, peritonitis, and 
death. No autopsies were obtained. 

Of the 17 patients who survived surgery, there were 2 in which follow- 
up studies were not obtained, 4 (21.0 per cent) in which the results were ex- 
cellent, 5 (26.3 per cent) in which they were good, 2 (10.6 per cent) in whieh 
they were fair, and 3 (15.8 per cent) in which the results were poor. In one 
ease a late death oceurred. This case has been presented and discussed. 

In the ease in which a poor result followed the closure of a perforated 
marginal uleer, a gastric resection was performed, obtaining good results sub- 
sequently. The other 2 eases of poor results occurred in the same person. A 
marginal uleer recurred after a gastric reresection on one oceasion. A vagotomy 
was performed, and at the present time the severity of symptoms makes one 
suspect that the marginal uleer may have recurred. It is believed that nothing 
less than a total gastrectomy would be effective in counteracting the strong ulcer 
diathesis which the patient has. 


DISCUSSION 


In attempting to evaluate the best methods of prevention and treatment 
of marginal uleer, one must consider the etiology of this disease. 

At the present time it is felt that the causative factors in the occurrence of 
marginal uleer are the same factors that are so important in the formation of 


peptic uleer. DeBakey® stated that no single factor can be held responsible for 
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peptic ulceration in general. Factors which play a part in the formation of 
peptic ulcer are hypersecretion and hyperacidity, tissue susceptibility, mechani- 
‘al trauma, and a constitutional uleer diathesis. 

The predominant role of hypersecretion and hyperacidity in relation to 
duodenal ulcer is well accepted and is the factor toward which the surgical 
treatment of duodenal ulcer is directed. Physiologie studies have disclosed two 
major mechanisms in the regulation of gastric secretion.” ® 1° First, a cephalic 
or neurogenic stimulus is propagated from the brain via the vagus nerves to 
directly stimulate the gastric musculature and mucosa to increased motility and 
to the secretion of a substance high in both pepsin and acid. Second, a hor- 
monal substance called gastrin is produced by the pyloric mucosa is response to 
certain local stimuli. It then passes via the blood stream to the stomach to 
stimulate the production of a secretion high in acid content. Recent studies 
have indicated that gastrin is the more important factor in hypersecretion and 
hyperacidity and in the formation of duodenal ulcer.” *4 

Other factors have been found important in guarding against the forma- 
tion of marginal ulcers following gastric resection and gastroenterostomy. Re- 
peatedly, it has been emphasized that the afferent jejunal loop should be as 
short as possible since the sensitivity of the small intestine to acid and pepsin 
increases as one proceeds distally from the duodenum to the terminal ileum. 
Of course, the degree of acid which is exposed to the intestine is dependent 
upon the buffering and neutralizing effect of the biliary, pancreatic, and duo- 
denal secretions. Mann and Williamson?! were successful in the experimental 
production of marginal ulcers in 14 of 16 animals in which the alkaline secre- 
tions were deviated from the site of anastomosis, thus leaving the gastrie acid 
unopposed. In a series of experimental studies, Kiriluk and Merendino’*-" 
found that, contrary to previous opinion, there was no evidence of an increased 
mucosal susceptibility to the formation of ulcers as the distance from the 
pylorus to the terminal jejunum increased, but that the major factor in pro- 
tecting against marginal uleer was the buffering capacity of the alkaline secre- 
tions. Nevertheless, the necessity for a short afferent jejunal loop remained 
true since the buffering capacity and pH of the contents of the intestine de- 
creased progressively as the distance from the pylorus increased. 

The foregoing findings support the general opinion that a subtotal gastric 
resection, removing at least 75 per cent of the stomach, including all of the 
pylorie antrum and ring, is the procedure of choice in the surgical treatment 
of duodenal ulcer. 7° ** 1% 25 This procedure would eliminate the hormonal 
phase of gastric secretion and remove the majority of the acid-seereting portion 
of the stomach. 

There are some physicians who are of the opinion that the procedure of 
choice is a complete vagotomy with a gastroenterostomy.® 1 74 

The 1952 report of the Committee on Surgical Procedures of Peptie Uleer* 
made a study of 4,076 cases of peptie uleer treated by vagotomy alone and with 
other surgical procedures, and of 1,163 cases of subtotal gastric resections for 
duodenal and gastrojejunal ulcers. They concluded that the results following 
subtotal gastrie resection alone were superior to those following vagotomy and 
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gastroenterostomy. At this hospital, we are of the opinion that a subtotal gas 
trectomy is the procedure of choice. It should be emphasized that the enti 
pyloric antrum must be removed in order to abolish completely the antra 
hormonal phase of gastric secretion. 

Perhaps a more effective operation in preventing the formation of a mar 
ginal ulcer would be the addition of a complete vagotomy to the usual subtotal 
gastric resection. This would be effective in eliminating both the cephalic and 
hormonal phases of gastrie secretion. Reports indicate that this addition may 
or may not give added protection against recurrent ulcer.* * * *? Also, this 
addition is associated with an increase in postoperative morbidity, especially a 
diarrhea which oceurs in from 7 to 30 per cent of the eases. 

The oceurrence of a marginal ulcer indicates that the previous surgery has 
been inadequate in eliminating the ulcerogenie factors associated with peptic 
ulcer. Thus, one must attempt to reevaluate and correct these inadequacies that 
exist. When a marginal ulcer follows a gastroenterostomy, the preferred treat- 
ment is an excision of the ulcer, a discontinuity of the anastomosis, and a sub- 
total gastric resection with a gastrojejunostomy. Although the Roux Y type 
of gastrojejunostomy was used with good results in a number of our eases, it 
probably should not be used, since the procedure results in a deviation of the 
neutralizing alkaline duodenal contents from the site of anastomosis, leavine 
the gastric acid at this site unopposed. 

When a marginal uleer follows a gastric resection, and it is felt that the 
resection has been inadequate, then a discontinuity of the anastomosis plus a 
gastric reresection should be carried out. Walters*® found that this procedure 
was associated with a higher mortality and fewer excellent results than when 
a vagotomy alone was performed. Thus, it may be best to reserve a gastric 
reresection only for those eases in which the previous resection has been grossly 
inadequate. Also, since the addition of vagotomy to the procedure has no effect 
upon the mortality rate, but considerably improves the results of surgery, it 
should, perhaps, be routinely used in conjunction with gastric reresection. 

If the previous gastric resection has been adequate, then the preferred 
treatment is a complete vagotomy. The abdominal approach is preferred since 
it permits a visualization of the existing abdominal pathology and an evaluation 
of the extent of the previous resection. Walters?’ found that it was anatomic- 
ally possible to isolate and section the nerve trunks of the vagus nerves via the 
transabdominal route in 92 per cent of the cases, and possibly section many ot 
the branches of the remaining 8 per cent. 

Others have favored this type of management of marginal ulcers,* 
26,29 and it is our contention that best results will be obtained through this 
approach, which is based upon the physiologic pathology of peptic and marginal 
uleers known today. 


10, 20, 23, 


SUMMARY 


An analysis of 17 eases of marginal ulcer occurring in 20 patients is made, 
and a ease report of a patient who developed an adenocarcinoma at the gastro- 
enterostomy site is discussed. The proper management in prevention and treat- 














Volume 39 MARGINAL ULCER 451 
Number 3 


ment of marginal ulcer is presented, being formulated on the basis of the physio- 
logie pathology of peptic and marginal ulcers found through previous clinical 
and experimental studies. 
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FURTHER STEPS IN THE DEVELOPMENT OF AN ENDOSCOPIC 
INSTRUMENT ALLOWING THE APPLICATION OF AN EXTRA- 
TUBULAR, SWINGING RESECTION LOOP 


H. P. Vuretstra,* RorrerpAM, NETHERLANDS 
(From the Municipal Hospital ‘‘ Bergweg’’) 


W { HAVE published elsewhere! a preliminary report of the first satis 
factory results obtained by the application of an entirely new endoscopic 
operating principle. Although handicapped by the absence of a national endo- 
scopic industry we have succeeded in constructing a reliable mechanical unit 
for our purposes, but the construction of the necessary optical parts is beyond 
the scope of our capabilities. 

As factory help from abroad was required, we omitted all technical details 
from our initial report and instituted application for patent rights to enhance 
the possible interest from any one industry. 

Such reason for reticence no longer existing, we are now able to publish the 
detailed construction plan of our extratubular loop electrotome. 


CONCEPT OF INSTRUMENTAL DESIGN 


Experiments were undertaken to satisfy the need for a visual loop electro- 
tome carrying an optical system which should provide an angle of vision most 
suitable to requirements imposed by the contour of the bladder cavity and by 
the location of the object. to be reached, while at the same time dealing with the 
problem of retrograde resection. 

From the beginning it was clear that for possible application throughout 
the entire bladder cavity the cutting loop would have to protrude for a con- 
siderable distanee from the border of the tubular sheath. In view of the eecen- 
trie access to the cavity, this condition is essential in order to reach the dome 
of the bladder. An angular reciprocation of the cutting element, obtainable 
by causing it to pivot around an axis at a right angle to the longitudinal axis 
of the sheath, was contemplated and this has proved infinitely superior to other 
possibilities. 

Extensive experimentation with various means of transmitting movement 
to the rotatable loop led to the rejection of designs similar to those used for 
the manipulation of eatheter deflectors in cystoscopes. Loop excursions ob- 
tainable by these means were considered too limited and, in addition, the uncon- 
ditional demand for satisfactory high-frequency insulation resulted in impos- 
siblv bulky constructions which were far from trustworthy. 

It soon became apparent that: (a) in view of the available space, only 
a rack and pinion mechanism would be able to provide for a maximal loop 
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exeursion; (b) torsion connections in the high-frequency circuit having proved 
unreliable, rotating contact surfaces could not be dispensed with, and that these 
should be limited as far as possible in number (and extent); and (e) these 
principles should be combined with each other and with the suspension of the 
rotatable loop to form a single unit, small enough to fit in the lumen of a 28 
Fr. standard production sheath together with telescope, lighting system, irrigat- 
ing eanals, and diathermy high-frequency supply conductor (s). 

Additional requirements for a practical instrument involved certain appar- 
ently mutually conflicting aspects: a small, strong, reliable, and smoothly oper- 
ating mechanism was needed, and the creation of a trustworthy high-frequency 
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Fig. 1.—A-D, For legend see text. 


insulation for this minute device seemed, at first, impossible. The rotating 
high-frequency parts must be simple, while at the same time providing an ex- 
cellent contact, a satisfactory resistance to heat and mechanical stresses, and 
must also be large enough to carry the necessary amperage for cutting, without 
losing too much safety or diathermie power. Assembly of the instrument should 
he so simple that the user need employ no more specialized tools than his own 
fingers; wearing parts should be interchangeable. A working element had to 
be designed which could be manipulated as a unit, carrying all necessary parts 
in their required positions, and allowing for the adjustment of variable coor- 
dinating conditions. 

Materials, tools, and procedures had to be submitted to experimental study 
and last, but not least, the possibilities of serial production had to be considered. 
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Synthesis of these mentioned propositions has been achieved with respec 
to the mechanical unit, a description of which follows. 

Adaption of MeCarthy’s periscopic telescope, the logical optical counte: 
part for our working element, is a matter for the eystoscopic industry. 

Construction and Properties of a Working Element for Extratubular Loo) 
Resection.—The cutting loop is a U-shaped piece of tungsten- or steelwire wit! 
long, drawn-out legs. In the plane of the loop, a small length of metal tube 
is soldered to the ends of the wire to form the base of the inverted U; it ex 
tends for a short distance on each side of the wiring (Fig. 1, A). 

Around this metal frame a body of insulating material is cast so as to leave 
bare only that portion of the wire intended to form the actual cutting electrode. 
Generally the shape of this insulation mass is congruent to the delineation of 
the metal frame with the exception of the parts around the base. Here, the 
small tube carries a relatively thick layer of insulation so molded as to form 
a segment of a toothed pinion and, in addition, the insulation mass is extended 
laterally to form a small cylindrical protuberance covering each end of the 
tube (Fig. 1, B). The teeth of the pinion point outward from the area formed 
by the legs of the loop, their longitudinal axes running parallel with the base 
of the loop while their length is limited to the distance between the legs (Fig. 
1, C). 

The loop, which has constituted a solid entity up to this stage, is now 
severed through the mid-point of the base, a small slice of material being re- 
moved, so that a gap is formed between the two halves of the base (Fig. 1, D). 
This permits ample movement of both halves, the mesial sides of which carry 
the open ends of the tubes, connected to both ends of the cutting wire. 

The two tubes serve as separate aligned bushings lying in separate masses 
of insulation which form two coaxially spaced, toothed segments made to operate 
with a common toothed rack (Fig. 2, 4). Interposed between these two seg- 
ments lies the insulated end of a single conductor for the supply of the high- 
frequeney current (Fig. 2, A). Connected to the end of this conductor are 
transversely projecting plug members formed of one short, rigid piece of wire 
(Fig. 2, B). These plug members are inserted into the bushings by springiig 
the loop open, and they serve to connect the cutting wire to the conductor. 

The lateral protuberances of the insulation, being in alignment with the 
axis of rotation of the loop, are meant to serve as journals engaging borings in 
a metal holder. This holder forms part of the instrument proper and is mounted 
in the cone of the working element. The movement of the loop is borne by 
these parts; the rotatable connecting mechanism within the insulation mass 
serves only purposes of electrical conduction. 

In order to ensure a perfect electrical contact between the cutting loop 
and the supply conductor, the plug members are brought slightly out of align- 
ment. They are thus biased when inserted in the bushings and, as a result, 
pressed against the inner wall of the bushings which, in their turn, are brought 
into exact alignment by mounting the journals in the precisely coaxial borings 
of the holder (Fig. 3, A). 
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A. B. 


Fig. 2.—A, Cutting loop rotatably connected to diathermic supply conductor; common toothed 
rack. B, Loop and supply conductor disconnected. 





A. B. C. 


Fig. 3.—A, Loop and supply conductor mounted in working element. B, Rack and pinion 
segment which forms base of cutting loop in working position. C, Assembled working element 
in outer sheath. 
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The entire composite system, comprising the small, toothed rack, whiel 
operates the pinion segments (Fig. 3, B) and the telescope, is held togethe) 
after introduction within the border of the outer sheath (Fig. 3, C). Adjustabl 
parts are thus kept in their ealeulated positions with a satisfactory degree o! 
precision, resulting in a smooth action entirely free from play or wobble. 

To produce a full 160 degree loop excursion, the toothed rack, mounte: 
for longitudinal reciprocation parallel to the axis of the sheath, must be move: 
over a distance of only 4 mm. A favorable consequence of this is that the 
telescope may be 2.2 em. shorter than usual for resection work. If a periscopic 
telescope is to be used, its shaft should be connected to the rack, so that move- 
ment of the latter may be controlled simply by moving the telescope te and fro. 
This movement will keep the object lens of the telescope in a changing position 
with respect to the base of the cutting loop, which variation is, if anything, 
favorable for the observation of the loop in its different positions. The small! 


| 
| 
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Fig. 4.—Experimental control mechanism, coordinating linear (telescope) and angular loop 
excursions. 


linear variations in the location of the lighting system are expected to be with 
out consequences. Two additional facilities are introduced by the loop-con- 
trolling function of the telescope shaft: the presence of pushing and pulling 
connections including their required conducting tubes within the lumen of the 
outer sheath is eliminated, thus saving a significant amount of space; the variable 
position of the entire optical unit in reiation to the instrument proper creates 
a condition required for the development of a simple automatic coordination 
mechanism between mirror and loop controls which ean be placed entirely 
outside the sheath. 

Some clinical experience has been gained by the use of two of our most 
recent working models, the latter of which permits the observation of the full- 
length loop exeursion. Lacking the periscopie optical device a compromise solu- 
tion was reached by applying our specially designed small-sized observation 
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telescope’ to a loop mechanism as described previously. By means of a scissors- 
like bridgework, this telescope can be longitudinally reciprocated in such a way 
that along its course the field of vision embraces the various segments of a 
semicireular area covered by the track of the rotating loop. Both movements 
are automatically coordinated by a complicated control mechanism (Fig. 4). 
Although interesting from an experimental point of view, this instrument 
is not fitted for general use; it needs an extremely long telescope and the mech- 
anism is too intricate. A new feature is probably formed by the irrigating 
system in the bevel of the sheath. The rows of four holes in the obturator-like 
block of metal (Fig. 3, A) which connect with the fluid canals within the 
sheath give rise to a powerful shower in the forward, obliquely forward, ortho-, 
and retrograde direction on supplying the system with water. Holes, which 
are situated in pairs on either side of the telescope, are drilled convergently, 
so that their axes meet along the semicircular track described by the cutting 


loop. 

Orientation during operation is amazingly illustrative with this instrument, 
probably because of constant changes in the perspective of the moving loop 
which is brightly illuminated in every position. Visibility is clear but of 
necessity limited to a small area beeause of the extreme working length and 


small size of our telescope. 

Contrary to the traditional linear-working resection electrode our loop ean 
be forced into the tissues in any plane desired. If the insulated parts 
are buried while cutting, big slices of tissue may be severed. This possibility 
is, however, considered unfavorable, for under such conditions the movement is 
hampered to a great extent; much spark and bubble formation is observable 
and the insulating parts are likely to be damaged. If care is taken that 
only the bare parts of the wire are used while cutting, the procedure is marked 
by an outstanding smoothness allowing, if desired, the minute observation, prep- 
aration, and flawless severance of thin layers of mucosa. The almost complete 
absence of sparks and bubbles during this operation is a remarkable, but as 
yet insufficiently explained, phenomenon which, however, facilitates the accom- 
plishment of precision work such as is required, especially in diathermie bladder 
treatment. 

We are fully aware that serious difficulties must be coped with before a 
type of instrument as described here can be made available to the profession. 
Today’s technical possibilities ought to be able to deal with the problems involved. 


ESTIMATION OF HIGH FREQUENCY CONDUCTING CAPABILITIES 


We should like to close this article by giving the figures obtained by high-frequency 
voltage and amperage measurements during cutting experiments under identical conditions, 
thereby comparing both our latest working models to a standard production type of prostatic 
electrotome (Nesbit). 

Electrosurgical current in these experiments was produced by means of a Wappler unit 
C 263RCA* using the tube circuit only. According to our measurements it worked on a 
wave length of 120 meters (2.5 M. per second) and, on output “High,” 100 on the dial, an 
Open voltage was generated of 370. The dial was set at 80 for the following tests. (A) 


*American Cystoscope Makers, Inc. 
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Nesbit Multiple Resectoscope,* using the 28 Fr. cutting loop. (B) Former working mod 
for extratubular loop resection, containing two separate high-frequency supply conductors. 
(C) Present working model (Figs. 1 to 4), containing one central high-frequency suppl; 
conductor, (D) As C, the rotatable high-frequency connection mechanism in the loop havin; 
been replaced by a fixed circuit. 


TABLE I 


Il. TAP WATER 








1, DISTILLED WATER | 











MODEL V | A | EFFECT | V | A EFFEC! 
(A) with bakelite sheath 320 0.5 Good 300 0.55 Good 
320 0.55 280 0.55 
320 0.55 290 0.55 
(B) with bakelite sheath 260 0.6 Good 
260 0.6 
260 0.6 * 
(C) with bakelite sheath 300 0.525 Good 320 0.525 Good 
300 0.5 320 0.5 
300 0.5 320 0.525 
(C) with metal sheath (con- 300 0.5 Good 300 0.52 Good 
nected to plate) 300 0.55 300 0.525 
300 0.55 320 0.55 
(D) without sheath 300 0.5 Good 
300 0.55 
300 0.55 


*A leaking current was subsequently discovered to originate from the site of one of 
the active terminals, faultily mounted on the metal cone of the working element 





SUMMARY 


A detailed description is given of an experimental endoscopic instrument 
allowing an angular reciprocation of a diathermic resection loop around an 
axis which is placed transversely to the longitudinal axis of the sheath. 
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ESOPHAGEAL RECONSTRUCTION WITH FREE AUTOGENOUS 
DERMAL GRAFTS 


AN EXPERIMENTAL STUDY 


RicHarp G. CoNNAR, M.D., FRANKLIN H. CAMPBELL, M.D., AND 
KENNETH L, PickrRELL, M.D., DurHaAm, N. C. 


(From the Department of Surgery and the Division of Plastic Surgery, Duke University 
School of Medicine and Veterans Administration Hospital) 


REE autogenous dermal grafts survive in the peritoneal and thoracic cavities 
F whether placed on visceral or parietal peritoneum or pleura. Cyst formation 
does not oceur, and dermal grafts appear to be stronger than split-thickness 
grafts...” 11 In 1949, Gebauer® first reported his experience with the use of 
dermal grafts in the treatment of tuberculous stenosis of the trachea. Subse- 
quent experiences have been reported.” 77 

In the past, there have been many attempts at reconstruction of the 
esophagus. After it was shown by Adams and Phemister,! Garlock,’ Sweet,’® 
and others that the esophagus could be resected at the various levels and con- 
tinuity restored by an intrathoracic esophagogastrostomy, the interest in 
esophageal reconstruction waned. However, there were still cases of car- 
cinoma of the hypopharynx and cervical esophagus in which esophago- 
gastrostomy was not feasible. Reconstruction of the cervical esophagus has 
never been very satisfactory. The Wookey?® *? operation is probably the most 
commonly used procedure for carcinoma in this region. Its disadvantages, 
however, are the necessity of prolonged periods of hospitalization with at 
least a two-stage operation and a discouragingly low cure rate. Rob and 
Bateman’ and Baronofsky and Hilger? have reported on the use of a cylinder 
of tantalum gauze covered by fascia lata in the one-stage reconstruction of the 
cervical esophagus. Edgerton® commented that in his experience fascia lata, 
used as a free graft in other parts of the body, is quite vulnerable to infection. 
This is in contrast to split-thickness skin which is relatively resistant to infec- 
tion and will survive as a free graft even in the oral cavity. Edgerton® utilized 
split-thickness skin to cover a tantalum splint in a one-stage reconstruction of 
the cervical esophagus. 

Because of the discouragingly low five-year cure rates and the high 
mortality rates for esophagogastrostomy, particularly in the upper esophagus, 
there is an obvious need for a palliative procedure of lesser magnitude in 
cases of irresectible carcinoma. Gastrostomy is of questionable value in the 
majority of these cases.° As early as 1922, Neuhof and Ziegler’® attempted to 
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wen. 1. 


Fig. 1.—Split skin graft taken from abdomen. 
Fig. 2.—Underlying dermis is removed. 














Fig. 3. Fig. 4. 


Fig. 3.—Defect following removal of dermal graft. 


Fig. 4.—Abdominal wall defect being closed. (The split skin graft could be used to cover 
the defect, but it is simpler in the dog just to close the defect.) 
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replace segments of the distal esophagus with rubber tubes. This was success- 
fully accomplished only by a two-stage operation because of the thinness of the 
dog’s mediastinal pleura. For a one-stage procedure, Neuhof was obliged to 
work with the cervical esophagus.. The familiar Souttar'® tube was introduced 
in 1927, when an esophageal resection was usually fatal. With the revival of 
interest in palliative procedures, Berman*® ‘ introduced a plastic tube which 
could be used in replacing resected segments of the esophagus. Many surgeons 
have been reluctant to use the latter tube since it is merely anchored to the 
eut ends of the esophagus, and the potential hazards of leakage are present. 
Berman* * stated that this has not been a serious problem and that the opera- 
tion required only one and one-half to two hours. 

Because of the known characteristies of free autogenous dermal grafts,’ 
the present study was undertaken in order to evaluate the use of dermis in 
reconstruction of the esophagus. If successful, dermal grafts could not only 
be used in a one-stage reconstruction in eases of carcinoma of the hypopharynx 
and cervical esophagus, but they could also be used to reconstruct the thoracic 
esophagus as a means of palliation in irresectible carcinoma. 

We experienced the same difficulties at the outset of this study as Neuhof™ 
did in 1922, namely, that the dog mediastinal pleura is extremely thin and 
‘that a graft cannot be used successfully to reconstruct the thoracic esophagus 
in a one-stage procedure. The cervical esophagus was utilized since it is 
easily accessible and only one operation is necessary. 


METHOD OF EXPERIMENT 


Fourteen adult mongrel dogs, weighing from 20 to 50 pounds, were used in the experi- 
ment. Intravenous Nembutal anesthesia was used during the operation as well as for 
postoperative antegrade esophageal dilatations. Sterile operative technique was observed. 
A split-thickness skin graft was taken from the abdominal wall using the Brown electric 
dermatome (Fig. 1). The underlying dermis was excised and defatted (Fig. 2). The split 
skin graft was discarded and the defect on the abdominal wall was closed with silk (Figs. 
3 and 4). 

The cervical esophagus was readily exposed through a midline incision in the neck ex- 
tending from the thyroid cartilage to the suprasternal notch. The esophagus was exten- 
sively mobilized, and the blood supply was divided. Potts bulldog clamps were applied 
proximally and distally (Fig. 5). A 5 to 7 em. segment of the esophagus was resected. 
A rectangular piece of dermis was then laid into the wound and tailored so that it would 
fit the esophageal defect when shaped into a tube and under no tension. The latter point 
is important since the dog’s skin is quite elastic, and stricture formation was more likely 
to oceur when the graft was placed under tension. The graft was then sutured to the 
proximal and distal cut ends of the esophagus with multiple interrupted sutures of 4-0 black 
silk, eventually forming a tube (Fig. 6, A). The adjacent free edges of the graft were 
approximated with a two-layer continuous over-and-over suture of 4-0 black silk. The 
anastomosis was reinforced at the two ends with a continuous suture of 3-0 chromic catgut, 
which anchored the fatty side of the graft to the muscularis of the esophagus (Fig. 7). 
In five dogs a Berman tube was used as a stent (Fig. 6, B). This varied the procedure only 
slightly since the tube was not inserted until the posterior suture line had been placed. The 
plastic tube was anchored as advocated by Berman in two of the dogs. In three dogs addi- 
tional anchoring sutures were placed through the graft and the shaft of the tube. The 
Potts clamps were removed, and the esophagus was replaced in its normal position. The 
wound was irrigated with 100,000 units of penicillin, and the fascia was closed with a few 
interrupted silk sutures. The skin was closed with a continuous subecuticular silk suture. 
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Fig. 5.—Cervical esophagus exposed and isolated from the rest of the operative field. Potts 
bulldog clamps occlude the esophagus proximally and distally. 
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A. B. 


Fig. 6.—A, A 5 to 7 cm. segment of the esophagus has been removed. A free dermal 
graft is being anastomosed to the proximal and distal esophagus. (The epithelial side of the 
graft is on the inside.) Proximal and distal suture lines are completed posteriorly using in- 
terrupted sutures of 4-0 black silk. B, If a stent is used it is inserted after the posterior 
ome ~ has been placed. The remainder of the procedure is the same except for anchoring 

e stent. 
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Three hundred thousand units of bicillin and 0.5 Gm. streptomycin were given intra- 


museularly at the termination of the operation. 


The dogs were given only water for the 


first twenty-four to forty-eight hours and were then advanced to a soft diet. 





Fig. 7.—The proximal and distal suture lines have been completed and have been rein- 
forced with a continuous suture of 3-0 catgut between the fatty side of the graft and the 
esophageal musculature. The graft has been shaped into a tube by approximating the two 
free edges with a two-layer continuous suture of 4-0 black silk. 


RESULTS 


One dog developed an esophageal fistula and died on the eighth postopera- 


TABLE I 


tive day. At autopsy a long piece of wood shaving could be seen perforating the 
graft suture line. This had resulted in an esophageal fistula and a fatal sup- 
purative mediastinitis. Of the remaining fourteen dogs, four were observed 








NO. OF ESOPH. 








DOG NO. SURVIVAL CAUSE OF DEATH DILATATIONS 
1 8 days Foreign body perforation of graft 0 
(wood shaving) 

2 2 months Stricture, starvation, and pneumonia 0 
3 1 month Stricture, starvation, and pneumonia 0 
4 2 months Stricture, starvation, and pneumonia 0 
5 3 months Stricture, starvation, and pneumonia 0 
6 7 months* é 
7 6 months* 3 
8 5 months* 3 
9 1 month Anesthesia 0 
10 1.5 months Perforated during dilatation 1 
11 4 months* q 
12 5 months* 5 
13 4.5 months* 5 
14 7 months* 4 
15 1.5 months Anesthesia 1 





*Sacrificed and autopsied. 
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without subsequent treatment, but were maintained on a soft diet (Table I. 
Dogs No. 2 to 5). All four dogs developed an esophageal stricture and died 
from starvation and pneumonia. The autopsy findings were consistent in each 
dog. There was a stricture at the junction of the graft with the distal 
esophagus. The proximal esophagus was dilated. The dermal graft was intact 
but had contracted in length as well as in width. There was a bilateral pneu- 
monia and marked cachexia. 


Fig. 8. Pig. 10, A. 
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Fig. 8.—Autopsy specimen from Dog No. 6 (sacrificed at seven months). Graft can be 
seen between proximal (right) and distal esophagus. The graft has contracted in both length 
and width. 

Fig. 9.—Autopsy specimen from Dog No. 11 (sacrificed at four months). Proximal 
esophagus is to the right. 

Fig. 10.—Autopsy specimen from Dog No. 12 (sacrificed at five months). Proximal 
dilated esophagus is to the left. Specimen is seen (A) before and (B) after being opened. Con- 
tracture, although present, is not as marked as in Dogs No. 6 and No. 11. 


Because of this experience the next five dogs were subjected to antegrade 
esophageal dilatation under intravenous Nembutal anesthesia beginning one 
month postoperatively (Table I, Dogs No. 6 to 10). One dog in this group 
died from an excess of anesthesia. Three of the four remaining dogs did well 
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Fig. 11.—Photomicrographs of autopsy specimen from Dog No. 6. Esophagus muscle can 
be seen in the lower portion of one field. Note presence of hair follicles and sebaceous gland. 
Graft is seven months old. 
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and maintained their weight. They were alive and in good nutrition five to 
seven months after operation, at which time the experiment was terminated 
The fourth dog was perforated during esophageal dilatation and died. 

Berman tubes were used as stents for the grafts in the remaining five 
dogs (Table I, Dogs No. 11 to 15). They were anchored as previously de- 


Fig. 12. 





Fig. 12.—Photomicrograph of autopsy specimen from Dog No. 13. Note keratin carer iy 
surface squamous epithelium and presence of rete pegs. Graft is four and one-half mont is old. 

Fig. 13.—Photomicrograph of autopsy specimen from Dog No. 8. Hair shaft is present, 
but follicle has degenerated. Esophagus muscle can be seen in the lower part of the field. 
Graft is five months old. 


scribed. The dogs were esophagoscoped two weeks postoperatively and all of 

. e ae aR . 
the stents were missing. They were eventually found in the dogs’ stomachs. 
Each of these dogs developed an esophageal stricture at the distal suture line 
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as was the case with the previous nine dogs. Antegrade esophageal dilatations 
were begun, and one dog died during anesthesia. The remaining four dogs all 
maintained their weight and did well if esophageal dilatations were continued 
at monthly intervals. Thus, seven of the fourteen dogs did well as long as 
antegrade esophageal dilatations were continued. All of these dogs were sacri- 
ficed. Autopsy findings were similar. As in the nondilated dogs, there was a 
stricture at the distal suture line and dilatation of the proximal esophagus (Figs. 
8 to 10). None of these findings were as pronounced, however, as in the non- 
dilated dogs. Microscopie sections taken through the graft and the area of junc- 
tion with normal esophagus revealed a consistent picture. The epithelium was 
intact over the inner surface of the graft and there was atrophy of almost all 
hair follicles and sweat glands (Figs. 11 to 13). A firm junction could be seen 
between the muscularis of the esophagus and the connective tissue of the outer 
surface of the graft (Figs. 11 and 13). There was a thin keratin layer covering 
the surface epithelium and rete pegs were often quite prominent (Fig. 12). 


COMMENTS 


Segments of the dog’s cervical esophagus may be replaced successfully with 
free autogenous dermal grafts. Stricture formation invariably occurs, but the 
esophageal lumen can be kept patent by esophageal dilatation. It may be 
possible to prevent stricture formation by use of a temporary stent. We were 
unsuccessful in anchoring a stent in the dog, but this should not be difficult 
in the human being, particularly if the stent were in the thoracic esophagus. 
Also, antegrade esophageal dilatation is less difficult in the human being than 
in the dog. It would have been more ideal to have used the thoracie esophagus 
in the dog, except for the thinness of the mediastinal pleura, as previously men- 
tioned. The mediastinum in the human being is a much thicker structure and 
should be more conducive to a successful graft. 

It is interesting that the stricture formation invariably occurred at the 
distal suture line. This was seen through the esophagoscope and at autopsy. 
Apparently the peristalsis in the proximal esophagus advances food success- 
fully past the proximal suture line but from this point to the distal suture line 
there is no peristalsis. Stricture probably occurs at the distal suture line since 
there is less intraluminal pressure at this point. 

Epithelium is intact over the grafts as early as one month by microscopic 
section, and as early as two weeks when visualized through the esophagoscope. 
One may question whether the graft actually survives or whether it merely 
serves as a splint with re-epithelialization occurring from the proximal and 
distal esophagus. The latter certainly can occur and is seen when a Berman 
tube is used. In favor of the graft surviving would be the absence of fistula 
formation in this experiment (except by foreign body). Conversely, homol- 
ogous aortografts ultimately die,‘* and it is rare for one to rupture. However, 
microscopic findings give strong evidence for survival of the graft. A keratin 
layer may be seen over the surface epithelium (Figs. 11 and 12). Rete pegs 
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are frequently present (Fig. 12). Intact hair follicles may be seen as late as 
seven months (Fig. 11). All of these findings are typical of skin rather than 
esophageal squamous epithelium. 

The advantages of an autogenous dermal graft are: (1) a large supply is 
available; (2) it is not a foreign substance; and (3) when compared to split 
thickness grafts, it is stronger and potentially cleaner. (The outer surfac 
has been removed. ) 

As to the clinical value of this experiment, a free autogenous dermal graft 
could be used around a temporary stent in the reconstruction of the cervical 
esophagus and hypopharynx in eases of carcinoma. This would avoid a 
multistage operation like the Wookey”” ** procedure. Such an operation has 
been performed using other materials.” © ?? 

When a Berman tube is used for palliation in irresectible carcinoma, an 
additional guarantee against leakage would be the use of a free autogenous 
dermal graft wrapped about the tube and anchored to the proximal and distal 
esophagus. A free autogenous dermal graft might also be used over an 
esophageal suture line when there is any tension or danger of leakage. Strie- 
ture does not occur in circumferential dermal grafts placed on the outer sur- 
face of the esophagus, vet the grafts appear to live.” 


SUMMARY 


Large segments of the cervical esophagus were resected in fourteen dogs 
and replaced with free autogenous dermal grafts. One dog died eight days after 
operation from a foreign-body perforation. Four dogs who were observed with- 
out subsequent treatment developed strictures and died from starvation and 
aspiration pneumonia. The remaining dogs could be kept alive and in good 
nutrition by monthly antegrade esophageal dilatations. Attempts to prevent 
stricture formation by using a Berman tube as a stent were unsuccessful. 
Autopsy findings are reviewed, and clinical applications are discussed. 
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AN INVESTIGATION OF TISSUE TOLERANCE TO TITANIUM 
METAL IMPLANTS IN DOGS 


Oscark E. Beper, D.D.S., AND GILBERT Eape, M.D., SEATTLE, WASH. 


(From the Maxillofacial Prosthesis Clinic, Dental School, and the Department of Surgery, 
Medical School, University of Washington) 


HE availability of titanium and its desirable properties of lightness in 
weight, high degree of strength, resistance to corrosion, and low thermal 
conductivity make it worthy of investigating its possible use in surgery. 
Although used extensively in industry, the medical application of this metal 
has not been explored. 
PURPOSE 


The object of this investigation is to determine whether implants of titanium 
metal remain inert in the body of a dog. This will help to rationalize the feasi- 
bility of using this metal as an adjunct to surgery and to fabricate it into certain 
body prostheses in a manner similar to that of tantalum or austenitic stainless 
steel. 

METHODS AND EQUIPMENT 

The procedure in this study was to imbed small disks of titanium, 0.25 inch in diameter 
and 0.013 inch in thickness, into the rectus abdominus muscle, left side, of dogs under surgical 
asepsis. Controls of tantalum, proved inert metal, were 0.25 by 0.010 inch. These were 
imbedded on the right side of the same dog in a similar site. Both metals were allowed to 
remain undisturbed in situ for a period of seven months. The metals were widely separated 
to eliminate the possibility of an electrochemical reaction between them with consequent tissue 
response. A previous experiment with implants of sterling silver and phosphobronze, non 
precious metals known not to be inert, had been made. 

The disks, with an adequate amount of surrounding tissue, were then surgically re- 
moved and fixed. Microscopie studies were made of the surrounding tissues to determine 


reaction to the metal. 
RESULTS 


The gross specimens of the titanium and the tantalum gave no indication 
of irritation, infection, or inflammation. A fibrous capsule encased the metal 
in each instanee. The microscopic sections confirmed a negative inflammatory 
and infectious response to both metals. There was no evidence of leukocytic 
infiltration but a fibroblastic response was present. The tissue tolerance response 
appeared similar. As expected, there was a definite leukocytie and fibroblastic 
peri-implant response, in increasing order, to the silver and phosphobronze. 
These findings were similar in all the dogs. Microphotographie evidence of the 
findings in the dogs is shown in Figs. 1 to 4. 
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Fig. 1. 





Fig. 2. 


Fig. 1.—Dog No. 114 Left. Microphotograph of peri-implant tissue of titanium metal 
disk, showing absence of leukocytic response, but definite fibroblastic encapsulation. 


In all photographs, ‘‘D’’ indicates the site of the metal disk. 
Fig. 2.—Dog No. 114 Right. Microphotograph of peri-implant tissue of tantalum metal 
disk, showing encapsulation with absence of leukocytic response. 
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Fig. 3. 





Fig. 4. 
Fig. 3.—Dog. No. S420. Microphotograph of peri-implant tissue of control sterling silver 
metal disk, showing leukocytic and fibroblastic response. 


Fig. 4.—Dog No. S418. Microphotograph of peri-implant tissue of control phosphobronze 
metal disk, showing leukocytic and fibroblastic response. 
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DISCUSSION AND CONCLUSIONS 


Titanium is 40 per cent lighter than and nearly equal in tensile strength 
to stainless steel. These properties of titanium also compare very favorably with 
those of tantalum. Its thermal conductivity is the lowest of the three metals. A 
more comprehensive comparison of some of the properties of these metals is 


demonstrated in Table I. 











TABLE I 
STAINLESS STEEL 
TITANIUM TANTALUM AUSTENITIC 
Density 4.5 Gm./e.c. 16.6 Gm./e.¢. 7.92 Gm./c.e. 
Tensile strength psi 80,000 50,000 87,000 
105 378 115 


Thermal conductivity 
Btu/ft.2/in./° F./hr. 

Linear coefficient of thermal expan- 5.0 x 10-6 per ° F. 
sion 

Elongation, 2 inch gauge length 25% 40% 55 to 60% 
(sheet annealed) 


3.6 x 10-6 per° F. 9.5 x 10-6 per ° F. 


Atomic number 22 73 26 
Atomic weight 47.9 180.88 55.84 
Melting point 3,140 ° F. 5,425 ° F. 2,800 ° F. 
Specific heat Cal./Gm. 0.13 0.036 0.12 





Evidence has been provided by this experiment to the effect that titanium is 
well tolerated by living tissue of dogs. A review of the physical properties listed 
for titanium prompts the consideration of its utilization in certain associated 
fields of surgery. It is a comparatively light metal, and yet its tensile strength 
is as suitable as that of tantalum and stainless steel. It therefore may be a 
potential substitute for the heavier stainless steel in orthopedic surgery, for 
example, in cases where long plates are implanted. It could be a contributory 
factor in the successful treatment of fractures where large, often complex, 
external or internal splints are indicated. 

The factor of lowest thermal conductivity is of significance in such ap- 
pliances as skull or breast plates or nose supports in patients exposed to 
higher temperatures. 

Other appliances that may under certain conditions be indicated for 
fabrication from titanium would inelude fracture pins, joint appliances, and 


limb prostheses. 
SUMMARY 


This report is based on the study of the tolerance of the tissue of dogs to 
implants of titanium disks inserted into muscle under aseptie surgical conditions. 
The reaction was compared with that of controls of inert metal tantalum and 
reactive metals sterling silver and phosphobronze. The disks remained in situ 
for seven months. 

Titanium was found to be inert. It was encapsulated by fibrous tissue. 

The physical properties of titanium thus make it a potential adjunct to 
various surgical procedures in the form of special external and internal ap- 


plianees. 
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CRUVEILHIER-BAUMGARTEN’S DISEASE 
REPORT OF A CASE TREATED BY SPLENECTOMY AND SPLENORENAL SHUNT 
Prepro ABDALLA, M.D., ANp PauLo Dias pa Costa, M.D., Rio bE JANEIRO, BRAZIL 


(From Hospital dos Servidores do Estado Departments of Surgery and Internal Medicine) 


HE scientific interest in the so-called Cruveilhier-Baumgarten’s syndrome is 

increasing since the original studies by Pegot, Cruveilhier, and Baumgarten. 
Pegot,® in 1833, reported a patient with ‘‘caput medusae,’’ distended abdominal 
veins, and venous murmur around the umbilical sear. Cruveilhier,’ in 1857, 
made a detailed necroscopie description of this same ease. Baumgarten,’ in 
1908, reported another case well observed and well studied by him. Sinee then, 
this clinical complex has been known as Cruveilhier-Baumgarten’s syndrome. 

It does not occur frequently. In 121 years only 91 cases have been reported. 
It is, however, evident that any new case must be published. The importance 
of the present communication depends upon two points: one refers to the fact 
that it is a new case; the other point refers to the treatment, consisting of a 
splenectomy followed by a venous splenorenal shunt. 


CASE REPORT 


G. P. R., was a 45-year-old Brazilian Negro man (born in Salvador, Bahia). He was 


admitted to Hospital dos Servidores do Estado on June 14, 1953. 

The patient had suffered from malaria when he was 15 years old. 

In June, 1948, he came to Hospital dos Servidores do Estado for the first time. 
complained of diarrhetic episodes that lasted from two to three days, with no more than 4 
bowel movements each day. He could find no explanation for this. He was asthenic and 
related a slight itching on the skin over the abdominal veins. In 1943, he had three profuse 
hematemeses that were treated by blood transfusions, Thereafter there were no other 


He 


hemorrhages. 

At physical examination, there were observed in the midline of the abdomen varicose 
veins, more developed to the right than to the left side. From the umbilicus where they 
were very dilated, they ran to the inguinal region and to the thoracic wall. The veins 
engorged whenever a Valsalva’s maneuver was accomplished. 

The liver upon percussion seemed to be retracted under the costal cage and reduced in 
size. The spleen was enlarged four fingerbreadths below the left costal edge; it was hard 
and insensitive to touch. 

The arterial pressure was 120/60; pulse was 76. An x-ray study of the esophagus 
showed a typical picture of large esophageal varices. Rectosigmoidoscopy revealed a reddish 
mucosa. Rectal biopsy at the level of the first valve was negative for S. mansoni eggs. 





Read before the Second South American Congress of Angiology, August, 1954, Sao 


Paulo, Brazil. 
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A blood count July 5, 1948, showed red blood cells, 5,390,000 e. mm.; hemoglobin, 
79 per cent; globular rate, 0.74; white blood cells, 4,250 c. mm.; young cells, 1 per cent; 
segmented, 56 per cent; lymphocytes, 37 per cent; monocytes, 3 per cent; eosinophils, 3 per 
cent; basophils, 0 per cent. 





Fig. 1. Fig. 2. 


Fig. 1.—Marked abdominal collateral circulation which became more accentuated after 
Jalsalva’s maneuver. 
Fig. 2.—Preoperative x-ray film of the esophagus showing the presence of varices. 





Fig, 3,—Splenoportal roentgenogram. 
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Serologic tests for syphilis revealed Wasserman, Kahn, and Kline negatives (4.8.48). 
Hepatic functional tests on June 17, 1953, and on June 20, 1953, were as shown 


Table I. 


TABLE I 














JUNE 17 
Cholesterol 99 mg.% 
Free cholesterol 42 mg.% 
Cholesterol esters 57 mg.% 
Thymol turbidity 3 unities 
Thymol flocculation 0 
Bilirubinemia 1.36 mg.% 


Bromsulphalein excretion 
Total proteins 

Albumins 

Globulins 
Albumin-globulin ratio 


4.8 Gm.% 
3 Gm.% 
1.8 Gm.% 
1.6 





THERAPEUTIC 


The patient’s symptoms were few. 
hemorrhage he had had in 1942. 


and the portal hypertension led us to operate upon him, since we thought that 
the natural periumbilical portacaval anastomosis, although well developed, was 


not sufficient. 


PROCEDURE 


The main symptom 


The hematemeses, the evident hypersplenism, 





Fig. 4.—Abdominal phlebogram, which allowed a better thoracoabdominal incision with pres- 


ervation of the collateral circulation. 


We had to conserve as much as possible the collateral circulation of the 
abdominal wall. So we took a phlebogram after Celis,” technique, employed for 


the first time by Espinosa* in Mexico in a case of Cruveilhier-Baumgarten ‘ 
Wi 


syndrome. 





With all the data we got we could change the incision line. 


JUNE 20 
103 mg.% 


61 mg.% 
42 mg.% 


51% in 20 min. 
5 Gm.% 

2.4 Gm.% 

2.6 Gm.% 

0.9 


was the profuse 
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traced it through the ninth left intercostal space from the posterior axillary 
line to the lateral border of rectus muscle and, thereafter, downward to the 
level of the umbilicus. Thus, we reached a free and large access to the abdominal 
cavity with preservation of all the parietal varices. 

The patient was operated upon on Aug. 19, 1953. 


TECHNIQUE 


We followed, in its general aspects, the technique published by Linton’ for 
the accomplishment of a venous splenorenal anastomosis with previous splenec- 
tomy. In view of the parietal collateral circulation that had to be spared, the 
abdominal branch of the incision was not carried to the median line. Instead, 
it was carried along the lateral border of the rectus muscle. 





Fig. 5.—Thoracoabdominal incision through the ninth intercostal space from_ the 
posterior axillary line to the lateral border of the rectus muscle and thereafter downward 
to the umbilicus. The decreasing of the abdominal collateral circulation is to be noticed. 


After opening the pleural and peritoneal cavities, incision of the anterior 
portion of the diaphragm was followed by inspection and palpation of all the 
structures that could be reached. The liver was reduced in size, brown, hard, 
and nodular. The spleen was dusk, fragile, and increased to five times its normal 
size. The umbilical vein was extremely dilated, about 1 em. in diameter. Venous 
pressure measured at the greater curvature of the stomach with Cohen’s manom- 
eter was 340 mm. of water. 

A section of the spleno-colic and lienorenal ligament and a section of the 
vasa breviora were made. The splenic artery was dissected and ligated. Manual 
expression of the spleen was performed in order to throw to the general circu- 
lation the blood it contained. A section was made near the hilum, and the 
splenie vein was clamped with Pott’s fine teeth clamp. The vein was then freed 
from the pancreatic bed for a length of 6 em. 

Incision of the posterior parietal peritoneum over the kidney was made. 
Dissection of the renal vein in a length of 4 to 5 em. was made with preservation 
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of the kidney in its sheath. Adrenal and spermatic veins were not ligated. A 
Satinski clamp was applied laterally to the renal vein so that the normal blood 
flow to and from the kidney was uninterrupted. 

Adventicectomy of the renal and splenic veins was performed. A longitu- 
dinal incision was made on the renal vein in a length corresponding to the 
diameter of the splenic vein. An end-to-side, intima-to-intima, splenorenal 
anastomosis was performed. We used Deknatel fine silk 5-0 posterior continuous 
suture, with stay points in the angles; separated points anteriorly. Satinski’s 
clamp was removed first and Pott’s clamp afterwards, with no bleeding. 

Venous pressure at the greater curvature of the stomach after the anas- 
tomosis was 280 mm. of water. 

Catgut stitches were made on the posterior parietal peritoneum and silk 
stitches in the diaphragm. Thoracolaparotomy was closed in its anatomic layers. 
Drainage of the pleural cavity was by means of a Folley’s tube. 

Operative time was three hours, with only one blood transfusion. General 
anesthesia with Pentothal, nitrogen protoxyde, oxygen, and curare. 

There followed a normal postoperative course without any complication. 
The drainage tube was removed at the end of forty-eight hours. The patient 
was allowed to walk on the sixth postoperative day. He was discharged on Sept. 
11, 1953. 

In this way, we have been able to perform an end-to-side splenorenal 
anastomosis without displacement of the kidney and interference with its 
circulation and with no lesion of the umbilical vein and its thoracoabdominal 
connections. 

Histopathologic results from liver and spleen may be seen in the legends of 
Figs. 6 and 7. 

COMMENTS ON THE SURGICAL PROCEDURE 

At the operation, the venous portal pressure dropped from 340 mm. to 
280 mm. of water. 

Subsequently, we could also see a considerable reduction in size of the 
superficial abdominal veins and of the esophageal varices. 

Until recent years, any operation for this disease was not to be recom- 
mended. It earried a high mortality rate and it was not worth-while cutting so 
many anastomotic channels of the profuse collateral circulation. This last 
factor could contribute to overload rather than to relieve the portal hypertension. 
But in view of the fact that many of those patients frequently bled to death, 
some type of surgical treatment had to be contemplated. Splenectomy has 
been performed widely with variable results, not thoroughly satisfactory. The 
advent of the shunt operations led Kennedy and Rousselot’ and Santy and 
associates’’ to add a splenorenal anastomosis to the splenectomy, which seemed 
to be a more logical surgical method, provided that the collateral circulation 
would not be sacrificed too much. With that in mind, we made an abdominal 
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phlebogram of our patient which enabled us to modify the abdominal incision 
as already described, in order not to cut what seemed to be useful anastomotic 
vessels. We succeeded in our purpose. 
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Fig, 6.—Biopsy of the liver (hematoxylin and eosin); large areas of fibrosis on the left; 
hepatie cells well preserved. 
_ Fig. 7.—Biopsy of the spleen (hematoxylin and eosin); hyperplasia of the lymphoid 
follicles; dilatation of the sinusoids; discrete fibrosis. 
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CONCLUSIONS 
The combination of a splenectomy and a splenorenal anastomosis allowed 
us to reach both a more pronounced dropping in the portal hypertension and 
to eure the hypersplenism, as we may see from the blood counts shown in Tab\: 
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IT. 
TABLE ITI 
JAN. 23, 1952 JULY 17, 1953 FEB. 26, 1954 
BLOOD COUNTS BEFORE OPERATION BEFORE OPERATION | AFTER OPERATION 
Red blood cells 6,000,000 5,000,000 4,010,000 
Hemoglobin 11.0 gr. oom 15.5 gr. 
Globular rate 0.63 — — 
White blood cells 3,200 4,650 7,700 
Myelocytes 0 0 0 
Metamyelocytes 0 0 0 
Young forms 2 8 3 
Segmented 61 34 35 
Lymphocytes 29 39 45 
Monocytes 3 4 6 
Eosinophils 5 15 11 
Basophils 0 0 0 
Platelets 116,000 — — 





























A few eases of shunt operat 
garten’s syndrome have been rep¢ 
Santy,'® in Franee in 1948, on a 1 


lowered portal hypertension, deer¢ 


More recently, Jahnke and his 


Of seven patients reported so 


have had a splenorenal shunt. 


problem. 


digestive hemorrhages. This patient, when checked one year later, was well. In 
February, 1950, Rousselot’ operated upon a 64-year-old woman by splenectomy 
and splenorenal shunt, as had Santy before. The results were weight gain, 


varices, cure of the hypersplenism, and disappearance of the murmur and 
abdominal veins. Dogliotti* performed the third splenorenal shunt in a ease 
of Cruveilhier-Baumgarten’s syndrome. 


four eases of Cruveilhier-Baumgarten’s syndrome. Three of them were sub- 
mitted to a direct portacaval anastomosis, a better procedure than splenorenal 
shunt in Jahnke’s opinion, in view of the more complete decompression of the 
portal system which it is able to yield. 


tions (3 to direct portacaval and 4 to splenorenal anastomosis), none has died. 
Our patient is the fourth in the world and the first in South America to 


In view of the relative rarity of the disease and, as a consequence, the few 
eases in which a shunt operation has been used to cure it, we hope that any new 
contribution to the subject, chiefly if some modification is introduced to the 
technique as we have done, will be of use to those who are investigating the 


A ease of Cruveilhier-Baumgarten’s disease is presented. 
of the surgical therapy employed, a splenectomy and a venous spleno-rena! 


ions in the treatment of Cruveilhier-Baum- 
yrted. The first to employ this method was 
0-vear-old child who suffered from recurrent 


ase in length and ealiber of the esophageal 


collaborators® in Washington, D. C., reported 


far to have been submitted to shunt opera 
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anastomosis, is given. Such an operation is the third in the world and the first 
in South America to be carried out as a method of treatment for this syndrome. 
A few original technical points are emphasized that were introduced in order 
to spare a rich abdominal collateral circulation. Phlebographic, splenoporto- 
graphic, and histopathologic examinations were made. 

In a follow-up examination one year later, the patient proved to be healthy 
and well. We believe that the shunt has been efficient net only because of a fall 
in venous pressure at the greater curvature of the stomach but, also, because of a 
remarkable reduction in the size of the abdominal and esophageal varices. The 
hypersplenism was controlled by the operation. 


REFERENCES 


1. Armstrong, E. L., et al.: The Cruveilhier-Baumgarten’s Syndrome; Review of the Litera- 
ture and Report of Two Additional Cases, Ann. Int. Med. 16: 113-151, 1942. 

2. Baumgarten, P. von: Cited by Armstrong, et al., reference 9. 

3. Cruveilhier, J.: Cited by Armstrong et al., reference 9. 

4. Dogliotti, A. M., and Abeatici, S.: Transparietal Splenoportal Roentgenography and 
Research on Portal Hypertension, SuRGERY 35: 503-513, 1954. 

5. Espinosa, J. F., and Celis, A.: Sindrome de Cruveilhier-Baumgarten, Rev. Gastro-enterol. 
México XI: 261-278 (Nov.-Dec.) 1946. 

5a. Celis, A., Espinosa, J. F., and Fregoso, J. A.: Radiological Diagnosis of the Cruveilhier- 
Baumgarten Syndrome, Gastroenterology 11: 253-255, 1948. 

6. Jahnke, J. R., Palmer, E. D., and Brick, I. B.: The Cruveilhier-Baumgarten Syndrome. <A 
Review and Report of Four Cases; Three Treated by Direct Porta-caval Shunt, 
Ann. Surg. 140: 44-55, 1954. 

7. Kennedy, R. J., and Rousselot, Louis M.: The Cruveilhier-Baumgarten Syndrome. 
Report of a Case Treated by Combined Splenectomy and Spleno-renal Shunt, 
Angiology 1: 484-491, 1950. 

. Linton, R. R., Jones, C. M., and Volwiler, W.: Portal Hypertension; Treatment by 
Splenectomy and Splenorenal Anastomosis With Preservation of Kidney, S. Clin. 
North America 27: 1162-1170, 1947. 

9. Pegot: Cited by Armstrong, et al., reference 9. 

10. Santy, P., Mouriquand, G., Boulez, N., Marion, P., and Dechavanne, D.: Un eas de eirrhose 

infantile de Cruveilhier-Baumgarten avec grosses hémorragies récidivantes. spléneec- 
tomie et anastomose spléno-rénale. Guérisen depuis 1 an, Pediatrie 39: 510-513, 1950. 


2) 








VENTRICULAR DEFIBRILLATION IN A PATIENT WITH 
PROBABLE ACUTE CORONARY OCCLUSION 


LINDLEY B. REAGAN, M.D., Kertru R. Youne, M.D., ANp 
JoHN W. NicHoxtson, M.D., Mr. Hotty, N. J. 


(From the Surgical and Medical Services, Burlington County Hospital) 


ARDIAC resuscitation, first successfully employed in 1902, has received 

increasing attention in the past few years. Due to the pioneering studies 
of Beck** and Wiggers, and the clinical application thereof by these men 
and others, notably Johnson, Kirby, and Dripps,® * Stephenson, Reid, and 
Hinton,’ and Steward, Virtue, and Swan,’ many patients with ventricular 
fibrillation have been revived. It has been shown that ventricular fibrillation, 
ordinarily a lethal arrhythmia, can usually be stopped by electric shock,* and 
most authors believe this to be the best method of defibrillation. Direct 
cardiac massage is generally considered necessary as a preliminary measure, 
however, in order to improve myocardial oxygenation and tone and to help 
prevent recurrence of the arrhythmia after defibrillation. Time is a critical 
factor, too, in determining clinical recovery; it has been stated that if more 
than four minutes elapse before resumption of an adequate cardiac output the 
chances for salvage without irreversible damage are poor.’° 

Although the correction of ventricular fibrillation in man has been accom- 
plished under a variety of cireumstances, commonly during surgical proce- 
dures, there have been, to our knowledge, no reports of successful restoration 
of the circulation in patients with ventricular fibrillation occurring as a 
sequel to acute coronary occlusion. Since this appears to have been the 
situation in a patient recently seen at the Burlington County Hospital, the case 
is presented herewith; the diagnosis of acute coronary occlusion, while not 
unequivocal, seems probable on the basis of the evidence obtained. 


CASE REPORT 


Mr. L. R., a 55-year-old white truck driver, was admitted on April 13, 1953, to the 

Burlington County Hospital accident ward about one hour after the onset of a feeling of 
fatigue in his arms and rapidly increasing substernal discomfort. This had occurred while 
he was driving his truck. With the aid of a hitchhiker he was able eventually to get to the 
hospital, 
On admission his only complaint was that of severe, crushing, substernal pain and 
aching of both arms. He had had no previous similar episodes. Cursory physical examina- 
tion revealed an alert man in considerable pain. His color and respirations were normal. 
The lungs were normal to percussion and auscultation. Examination of the heart revealed 
no cardiac enlargement; the heart sounds were of good quality without murmurs or friction 
rubs. The rhythm was regular, the rate 70, and the blood pressure 130/90. 

An electrocardiogram was made with a direct-writing instrument and initial tracings 
revealed a normal sinus rhythm. This was followed by a short burst of what appeared 
to be ventricular extrasystoles, and then by ventricular fibrillation, the transition being 
shown in Fig. 1. Simultaneously, the patient lost consciousness, developed stertorous 
respirations and cyanosis, and there was no palpable pulse or audible apical beat. 

Because there seemed little to lose and the diagnosis of ventricular fibrillation was 
apparent, the left side of the chest was immediately opened through the fourth intercostal 
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space without sterile precautious, approximately two minutes after the onset of the 
arrhythmia, and massage was started through the intact pericardium. Amazingly, spon- 
taneous respirations continued. Oxygen was delivered through a tight face mask. An 
anesthetist arrived within five minutes and inserted an endotracheal tube. When the chest 
was opened, the heart was soft and apparently immobile. After a briet period of massage 
the pericardium was opened and fibrillary twitchings were visible. Five-tenths cubic centimeter 
of 1:10,000 epinephrine in 5 e¢.c. of normal saline solution was injected, with somewhat 
questionable wisdom, into the left ventricle. Bizarre electrocardiographic tracings per- 
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sisted, and 0.8 Gm. of quinidine gluconate was injected intravenously. About fiftee: 
minutes after onset, the electric defibrillators was obtained from the operating room and 
three short shocks were given. This converted the fibrillation to asystole. Massage was r 
sumed for about three minutes and the hand withdrawn. Effective cardiae contraction 
appeared (i*ig. 2) with a good radial and carotid pulse. During massage alone palpatory 
systolic blood pressure readings of about 60 to 70 mm. of mercury were achieved. Immedi 
ately after the resumption of a spontaneous cardiac beat, the blood pressure rose to 100/7( 
and remained relatively stable. 

The patient was then transferred from the accident ward to the operating room. He 
began making struggling, purposeful movements with his arms and legs, and it was necessary 
to administer small amounts of Pentothal sodium in order to close the thoracotomy wound 
Within thirty minutes after leaving the operating room (one and one-half hours afte: 
onset of ventricular fibrillation) he could respond to his name, and two hours later could 


answer questions. 


4-13-53 4-15-53 4-18453 
(postop. ) 


fof 


4 


+14 


Fig. 3. 

During and following the ventricular fibrillation there were never any convulsive twiteh 
ings. The only evidence of cerebral anoxia was amnesia for the twenty-four-hour period be 
ginning directly after admission to the accident ward. 

Postoperative care consisted of the administration of prophylactic antibiotics, along witli 
a standard coronary regimen, sedation, and Dicumarol (started on the fourth postoperative 
day). Pronestyl was given in an effort to forestall the appearance of further arrhythmia. 
Recovery was uneventful except for a slight fever, 99° to 100° F., for about six days, probably 
due to some atelectasis and pleural reaction at the operative site. The white blood cell] count 
on the first postoperative day was 8,000 with 80 per cent neutrophils. The corrected 
sedimentation rate (Wintrobe) at ten and thirty days postoperatively was 35 and 58 mm. 
per hour, respectively. The patient was discharged by ambulance to his home at the end of 
five weeks and made an uneventful convalescence. He was last seen by us in October, 
1953, six months after admission, at which time he was well and performing light work. 

Evidence favoring the diagnosis of coronary occlusion was derived from the history, 
the obtaining of suggestive electrocardiographic abnormalities before the onset of ven- 
tricular fibrillation, and the spontaneous onset of the fibrillation itself which, in the 
absence of trauma or medication, would be difticult to explain on the basis other than that 
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of some damage to the heart. The chief abnormalities noted before fibrillation started 
were: S-T segment depression in leads I, II, and aVL, and elevation of the S-T segment in 
aVR (Fig. 1). Ventricular fibrillation started during the recording of lead V-2. Some 
of the fluctuations of the base line seen in the tracings in Fig. 2 may have been related 
to respiratory changes in the position of the heart with the chest open. Tracings in Fig. 
3 do not include chest leads because of a surgical dressing. The postoperative tracings 
(Figs. 3 and 4) are difficult to interpret because of the possible influence of the surgical 
procedure, but, in general, show changes approaching the normal. An electrocardiogram, 
not shown, taken on Oct. 10, 1953, showed little change from that of May 15, 1953, which 


was made five weeks after the acute episode. 


4-22-53 429 546 s715 
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COMMENT 


This is the first case, known to us, of successful ventricular defibrillation of 
a human heart which has suffered a probable coronary occlusion. In the light 
of Wiggers’s experimental work in 1940, it seems unlikely that many hearts 
going into ventricular fibrillation following coronary occlusion can be success- 
fully and permanently defibrillated. He found in dogs that fibrillation occurred 
regularly with ligation of a branch of the coronary arteries. Defibrillation by 
electrie shock was always possible, but fibrillation would recur very shortly un- 
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less the tie occluding the coronary vessel was removed. It is also unlikely tha 
patients with this sort of catastrophe would be under direct observation withii 
the limited time permitting resuscitation; the rarity of the coincidence of cir 
cumstances in the present case can readily be appreciated. 

Furthermore, the presence of a recent coronary occlusion is in itself a well 
recognized contraindication to any operative procedure. Thoracotomy without 
conclusive evidence of ventricular fibrillation or standstill could conceivably 
produce a fatality in a patient who might otherwise recover. Peripheral 
collapse due to a variety of causes might be confused with asystole. There 
is little time for a leisurely, precise examination. In the patient with probable 
coronary occlusion it is of utmost importance to establish the type of collapse 
present before instituting such heroic measures, a feat that was made possible 
in this case by the good fortune of obtaining a directly written electro- 
eardiographic tracing at the moment fibrillation started. 

The return of consciousness within one and one-half hours of the onset 
is of interest, re-emphasizing the rich reward of prompt restoration of cireula- 
tion, and the fact that rhythmic manual compression of the heart can be effec- 
tive for short periods. 

SUMMARY 


A patient who recovered from ventricular fibrillation secondary to a prob- 
able acute coronary occlusion is presented. Thoracotomy with cardiae massage 
and electrical defibrillation were carried out in the emergency room. The favor- 
able outcome was due to the good fortune of an immediate, precise diagnosis by 
electrocardiography, the prompt resumption of circulation by manual systole, the 
availability and use of a simple electric defibrillator, and the probability that the 
myocardial infarction, if present, was in all likelihood a small one. 


Our thanks are due to Dr. Charles Munro, on whose hospital service this patient was 
admitted, for permission to publish this report. 


Rockwood Bullard, M.D., the attending physician, of Clarkston, Mich., reports as of 
Dec. 11, 1955, that the patient is asymptomatic and working full time as a truck driver. 
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SQUAMOUS-CELL CARCINOMA OF THE KIDNEY, RESECTED 
WITH SEGMENTS OF THE DUODENUM AND VENA CAVA 


CASE REPORT 


MILTON WEINBERG, M.D., CHARLESTON, S. C. 


(From the Department of Surgery, Medical College of South Carolina, 
and the Roper Hospital) 


QUAMOUS-CELL carcinomas of the kidney are relatively uncommon neo- 
S plasms arising in the renal pelvis, comprising between one and two per 
cent of all renal tumors. They are equally common in men and women, equally 
common on the right and left sides, and occur most frequently at 50 to 60 
years of age. One case has been reported in a child 11 months old. An in- 
teresting association with anomalous kidneys, chronic infection, and stones 
has been established by many authors, and metaplasia due to chronie irrita- 
tion has been advanced as a predisposing factor. Leukoplakia of the renal 
pelvis has long been considered a premalignant lesion anteceding squamous- 
cell carcinoma of the kidney.’ Hematuria, usually intermittent and occurring 
not infrequently over a period of many months or even many years, occurs 
in about one-half of these patients. Pain is present somewhat more frequently 
than hematuria, is usually of a dull nature initially, but is progressive and 
may become severe. Oberkircher and co-workers‘ described the presence of a 
palpable mass in 66 per cent of their 15 reported patients. These tumors char- 
acteristically invade the renal capsule and perirenal fat and may invade adja- 
eent organs. Invasion of the vena eava has been reported not infrequently, 
and direct extension of the tumor to the duodenum also has been reported in 
one ease, resulting in a spontaneous nephroduodenal fistula.* 

Treatment of these tumors is by nephrectomy, including the perirenal 
fat and regional lymph nodes. Excision of the ureter and ureterovesieal orifice 
is recommended by most urologists. X-ray therapy is considered to be of no 
ralue in these tumors. No five-year survivals have been reported with any 
form of therapy. 

CASE REPORT 

The patient, F. J., was a 65-year-old white man referred to Cancer Clinie on Feb. 7, 
1955, because of ecystoscopic findings of a ‘‘growth on the right side of the bladder block- 
ing off the right kidney.’’ The patient gave a history of intermittent bouts of colicky pain 
in the right flank over a ten-year period, ending around 1920. He was then asymptomatic 
until August of 1953, when he had a sudden onset of sharp pain in the right flank, followed 
by passage of gross blood in his urine. This bout was treated symptomatically, subsiding 
gradually over a period of eight days. Over the next eighteen months, the patient had 
five or six similar bouts, each consisting of varying degrees of right flank pain associated 
with hematuria, occasionally with passage of blood clots. During the six months prior to 
his admission, he complained of constant dull flank pain and had lost 15 pounds in weight. 
He gave no history of passage of stones in his urine at any time. Other symptoms in- 
cluded progressive frequency of urination, hesitancy, nocturia, and diminution in the size 
and force of the urinary stream over the preceding five years. 


On physical examination, the patient appeared to have lost weight recently. The 
lower pole of the right kidney was palpable on inspiration, but the kidney was not con- 
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sidered enlarged and was not tender. There was mild tenderness in the right flank. Physi- 
‘al examination was not otherwise significant. 

Laboratory findings were as follows: hemoglobin, 8 Gm.; red blood cell count 3.,- 
130,000; white blood cell count 16,750. Urinalysis was negative except for 2 to 3 red blood 
cells per high power field and 2 to 3 hyaline casts per high power field. Blood urea nitro 
gen was 28 mg. per cent. Other laboratory studies, including renal function tests, were 
within normal limits. 





Fig. 1.—Retrograde pyelograms demonstrating obstruction of the right ureter. 


Cystoscopy was performed on February 8, showing a group of villous projections 
over the trigone, primarily about the right ureteral orifice. There was considerable en 
croachment on the posterior urethra by the lateral lobes of the prostate. The right ureter 
was blocked 20 em. above the ureteral orifice and would not admit a catheter above this 
level. Selective indigo carmine tests showed no excretion of the dye from the right 
ureter. Retrograde pyelograms again demonstrated the block in the right ureter (Fig. 1). 
The left kidney appeared normal on retrograde pyelography and showed good function. 
Intravenous pyelography demonstrated good concentration and prompt excretion of dye 
by the left kidney. No dye was excreted by the right kidney. 

The patient was given transfusions of whole blood and, on February 17, transurethral 
resection of a portion of the trigonal lesion was carried out. Microscopic examination of 











ce, 


NEY 


SQUAMOUS-CELL CARCINOMA OF KID 


Volume 39 
Jumber 3 


*peut[yno 


aie SMOpRYs 


jeuad 


& 


pue pa}eajsuoWVap Ulese st 


‘SIA 





wuinusponp a4 ‘uoMeynsul ale [eeUoysedodjod 


yyIM pesUulquuo 





9 SUlBISOJIOY—'E 


‘11e AQ poul]ynNo st Wnusponp ey} YOIYM UL SeTpNys are [BIUO}IedO1JOY—'S 








G 


“SIA 











‘Sla 















WEINBERG Surg 
March, 19 





490 


the tissue showed only granulation tissue with nonspecific inflammatory reaction. On 
February 26, air was injected retroperitoneally and aortograms were made (Figs. 2 and 
3). Roentgenograms demonstrated kidney shadows within normal limits in size and con 
tour bilaterally. On the right side, however, a long tubular structure was outlined by the 
air just medial to the border of the right kidney, interpreted as being duodenum or a 
dilated and tortuous ureter. The major renal arteries were not filled on the aortograms, 
and no unusual features were apparent. On March 10, through a right flank incision, ex- 
ploration of the right kidney area was carried out. The perirenal fat was fibrotic and 
densely adherent to the kidney. The lower pole of the kidney was enlarged by an 8-em. 
diameter irregular mass, the fibrous tissue about this mass being adherent to vena cava 
and to the descending portion of the duodenum. A diagnosis of carcinoma of the kidney 
was made by the operating urologist.* It was apparent that an incision allowing more 





Fig. 4.—Microphotograph of the renal carcinoma showing attempted pearl formation and inter- 
cellular bridging. (370; reduced 1s.) 


exposure would have been desirable, but, without undue difficulty, the kidney, including 
perinephric fat, adjacent lymph nodes, part of the psoas muscle, the invaded portion of 
duodenum, and a 3-em. length section of the lateral wall of the vena cava was resected. 
Continuity of the duodenum was re-established, using two rows of inverting 4-0 black silk 
sutures. The defect in the vena cava was closed vertically with a continuous everting 
mattress suture of 5-0 arterial silk, without unduly compromising the lumen of the vessel. 

The microscopic pathologie report was as follows: Multiple sections of the kidney 
showed infiltration of the parenchyma by cords and clumps of flattened, polyhedral epi- 
thelial cells with intercellular bridging and attempts at pearl formation characteristic of 
squamous-cell carcinoma (Fig. 4). The tumor apparently originated in the renal pelvis. 
Sections of the duodenum showed infiltration by similar neoplastic tissue. Sections of the 
lymph nodes and of the vena cava showed no evidence of invasion by the carcinoma in 
these sections. 


The patient’s postoperative course was quite stormy for the first forty-eight hours, but 
recovery thereafter was rapid. Gastric suction was discontinued on the fourth postopera 
tive day, and he was taking a soft diet well on the seventh postoperative day. He was 
discharged on the twenty-fifth postoperative day, fully ambulatory and feeling quite well. 





*Dr. 





Alexander Sloan. 
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The patient has been followed in the clinic and his course has been satisfactory. 
X-ray therapy to the right flank area was started on April 18, and, on his last visit on 
May 10, he was asymptomatic except for mild nausea which was considered due to x-ray 


therapy. 
DISCUSSION 


Resection of adjacent structures involved by a locally invasive carcinoma, 
in addition to the primary tumor site, has been described by many surgeons 
for earcinoma of the gastrointestinal tract, the female genital tract, and vari- 
ous other organs, and is indeed not an uncommon procedure in connection 
with carcinoma of the large intestine, cervix, and stomach. In justification 
of this radical approach to removal of malignant tumors, many long-term sur- 
vivals and apparent cures have been obtained by such extensive resections. 

In an effort to improve the long-term survival rates following nephrec- 
tomy for carcinoma of the renal pelvis, relatively new diagnostic procedures 
have been utilized, including cytologic study of the urine for neoplastic cells, 
retroperitoneal air insufflation, and percutaneous aortography. A more radi- 
cal surgical approach has been advocated by many authors with utilization 
of incisions designed to give more satisfactory regional exposure, allowing 
radical nephrectomy to include Gerota’s fascia, the perinephrie fat, and the 
regional lymph nodes. Chute and associates? described one case in which a 
large tumor invading the vena cava was removed after opening the vena cava 
and reseeting part of its wall. A second ease was also deseribed in which the 
vena cava was ligated just below the left renal vein and the invaded distal 


portion resected. Recently, Thompson and Douglas® reported a ease of earci- 
noma of the right kidney, considered inoperable at a previous operation, with 
a fistula in the right flank draining urine and fecal material. At operation, a 
large tumor mass was resected, requiring removal of the terminal ileum, cecum, 
ascending colon and part of the transverse colon, retroperitoneal fat, and 
the area of abdominal wall invaded by tumor. The patient had survived 
fifteen months in excellent health at the time of the report. 


SUMMARY 


A ease of squamous-cell carcinoma of the right kidney resected together 
with involved portions of the vena cava and duodenum is presented. 

A radical approach to surgical excision of renal carcinomas is in keeping 
with surgical principles as applied to carcinomas of other sites of origin, even 
though hope of frequent cures is surely dependent upon diagnosis before re- 
gional extension has occurred. 
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ADRENOCORTICAL ADENOMA WITH CUSHING’S 
SYNDROME IN INFANCY 


MICHAEL G. WEIDNER, JR., M.D., AND BEVERLY T. ToweEry, M.D., 
NASHVILLE, TENN. 


(From the Departments of Surgery and Medicine, Vanderbilt University School of Medicine 


INTRODUCTION 


USHING’S syndrome is the clinical picture manifested by any combination 
of the following signs and symptoms: obesity, moon-shaped face, plethora, 
hypertension, amenorrhea in the female, purplish abdominal striae, a diabetie 
glucose tolerance curve, and asthenia.’»* The occurrence of this syndrome in 
children is rare. If Cushing’s syndrome is associated with an adrenocortical 
tumor, it is most frequently carcinoma.’® The association of Cushing’s syn- 
drome and benign adrenocortical adenoma in childhood is only rarely re- 
ported.” °-* 1% 14514 Adrenocortical hyperplasia as the cause of this syndrome 
is uncommon under 10 years of age.°® 
CASE REPORT 
L. 8S. G., a 9-month-old girl was brought to the hospital by her parents because of 
marked obesity. 


Past History.—The pregnancy and delivery were normal. The birth weight 
pounds, 7 ounces. The neonatal course was uncomplicated and development was normal. 


was 7 


Present Iliness——When the child was 3 months of age, the parents noted that her arms 
had become ‘‘awfully big around.’’ She was gaining from three-fourths to one and one-half 
pounds a week. Two months before admission the patient’s face was seen to be unusually 
red, and she seemed to be bothered very much by hot weather. She was markedly irritable. 
The parents stated that she drank large quantities of water but no increased urinary fre- 
quency had been noted. She was seen by her local pediatrician who referred her to Vander- 
bilt University Hospital. 

Physical Examination.—Physical examination revealed temperature 
152; respirations 32; blood pressure 270/170; weight 25 pounds, 13 ounces; height 25 inches. 

The infant was a tremendously obese female. The cheeks were so fat that the ears 
could not be seen in a straight anteroposterior view. The face was strikingly plethoric, 
even at rest. The lips were compressed into a ‘‘cupid’s bow 
an intertriginous rash in the many deep skin folds. There was no lymphadenopathy. The 
head and neck were normal. The lungs were clear. There was no evident cardiac enlarge- 
ment. The abdomen was protuberant and asymmetrical with the greater fullness visible 
on the right. A firm mass was palpable in the left upper quadrant, laterally, extending 4 
em. below the left costal margin. This mass was smooth and moved downward during 
The genitalia were those of a normal female infant with no evidence of geni- 
The extremities were remarkable only in the marked 
The neurological examination was negative. 


99.2° F.; pulse 


9 


configuration. There was 


respiration. 
tal precocity or clitoral hypertrophy. 
obesity, which actually limited their motion. 

Preoperative Laboratory Data.—Urinalysis showed: character, yellow; pH, 6.5; pro- 
tein, 0; sugar, 0; microscopic, negative. Blood test revealed: white blood cells, 17,000; 
hemoglobin, 14 Gm.; packed cell volume, 40.5 per cent; total eosinophils, 56 per cubic milli- 
meter; nonprotein nitrogen, 29 mg. per cent; CO., 20.2 meq. per liter; sodium, 137 meq. 
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per liter; albumin/globulin ratio, 4.0/2.7; Kahn, negative. Oral glucose tolerance showed: 
fasting blood sugar, 131 mg. per cent; 30 minute, 100 mg. per cent; 1 hour, 107 mg. per 
cent; 2 hours, 108 mg. per cent; 3 hours, 113 mg. per cent. Urinary 17-ketosteroid excre- 
tion was 0.65 mg. per 24 hours. Urinary 17-ketogenic corticoids excretion was 6.15 mg. 
per 24 hours. X-ray studies revealed the following information: intravenous urograms re- 
vealed a soft tissue mass depressing the upper pole of the left kidney; films of the chest 
were normal; films of the hands and feet for bone age were within normal limits; there 
was some evidence of osteoporosis. 

Hospital Cowrse.—The blood pressure was checked repeatedly and found to vary from 
150/90 to 230/130 mm. Hg. Because of the obesity, routine blood pressure readings were 
not entirely satisfactory. An attempt to obtain direct arterial pressures was unsuccessful. 


oe sees a 


Fig. 1.—Patient at 9 months of age on admission to the hospital. 


It was believed that the patient was suffering from Cushing’s syndrome due to an adreno- 
cortical tumor and that most of the discordant features were contingent upon age. She was 
started on ACTH, 25 mg., intramuscularly every twenty-four hours, in preparation for 
surgery, which was performed on Oct. 2, 1953. <A left thoracoabdominal incision was made, 
revealing a well-encapsulated tumor 8 em. in diameter. The tumor displaced the left kid- 
ney anteriorly and inferiorly but was not adherent to the kidney. A large artery and vein 
were found on the inferomedial surface of the tumor. After ligation and division of these 
vessels, the tumor was quite easily removed. The right adrenal gland was neither enlarged 
nor demonstrably atrophic. Further exploration of the abdomen failed to reveal metastatic 
tumor. 

Postoperatively, the patient was continued on ACTH, 25 mg. every six hours. She 
was also placed on Hydrocortone acetate, 100 mg. every eight hours. This was decreased to 
75 mg. every eight hours on the fourth postoperative day, to 50 mg. every eight hours on 
the fifth day, to 25 mg. every eight hours on the sixth and seventh days, to 12.5 mg. every 
eight hours on the eighth and ninth days, after which the Hydrocortone acetate was dis- 
continued. The ACTH was then gradually decreased in dosage and was finally discon- 
tinued on the nineteenth postoperative day. During the period of liberal hormone therapy, 
the patient gained 1 pound. However, as the dose of the hormones was decreased, the 
weight decreased to the admission level. The postoperative blood chemistries remained 
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Fig. 2.—A, Photograph of tumor; B, photomicrograph of tumor. (Hematoxylin and eosin, 
X356; reduced %). 


Fig. 3.—Patient at 26 months of age, 17 months following excision of tumor. 
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within the normal range, except for a marked drop in total serum proteins. This was cor- 
rected with infusions of human serum albumin. The postoperative course was uncom- 


plicated. 

The uncomplicated postoperative course provided reassurance concerning the func- 
tional capacity of the remaining adrenal. The patient was discharged on the twenty-eighth 
postoperative day, ten days after the ACTH had been discontinued. 


Pathologic Report.—The gross specimen consisted of a round encapsulated mass measur- 
ing 5 by 6% by 7 em. and weighing 126 grams. The cut surface was granular and solid. 
All microscopie sections showed an intact fibrous capsule. The tumor was extremely 
cellular, the cytoplasm being palely basophilic and containing basophilic vesicular nuclei. 
There was moderate variation of the cells as to size, shape, and staining characteristics, and 
mitoses were not infrequent. The tumor was thought to have some resemblance to normal 
adrenocortical tissue. At no point did the tumor extend beyond the capsule and there was 
no evidence of blood vessel invasion. The final diagnosis was benign cortical adenoma 


of the adrenal gland. 

Follow-uwp.—The child has been followed closely since operation. She was last seen 
seventeen months postoperatively. Her weight was 35 pounds and her height was 33 inches 
at that time. Blood pressure was 100/60 mm. Hg. By the fourth postoperative month the 
weight had receded to the normal curve on the Iowa Growth Chart and has progressed along 
this curve to the present time. She has received no ACTH or cortisone since discharge and 
has had no elinical evidence of adrenal insufficiency. Total circulating eosinophils on the 
last visit were 381 per cubic millimeter. Urinary excretion of the 17-ketosteroids was 0.87 


mg. per twenty-four hours. 
COMMENT 


Regardless of the morphology of the adenohypophysis, it now appears 
that chronic adrenocortical hyperfunction per se is responsible for the produe- 
tion of most, if not all, of the changes which Cushing described in 1932. The 
excessive secretion of adrenocortical hormones is usually associated with ob- 
vious changes in adrenal morphology, such as a solitary tumor or bilateral 
hyperplasia, but this is not invariably so and there are rare examples of Cush- 
ing’s syndrome in which no adrenal abnormality could be demonstrated at 
post-mortem examination. For this and other reasons, there is a growing tend- 
ency to deseribe various adrenocortical syndromes in terms of the type of hor- 
mone which is being produced in excess. In such a scheme Cushing’s syn- 
drome is aseribed to the overproduction of steroids which are closely related 
to compound F. However, adrenocortical hyperfunction in early infaney is 
usually due to bilateral cortical hyperplasia which causes the overproduction 
of virilizing hormones with monotonous regularity. The adrenogenital syn- 
drome thus produced is ordinarily quite different from Cushing’s syndrome. 
However, a precise differentiation is not always possible since an occasional 
patient may exhibit changes which are common to both syndromes. 

Cushing’s syndrome is more prevalent in the postpubertal age group. The 
recognition of adrenocortical tumors in childhood is relatively rare. In 1953, 
Sobel and her associates’? could find only thirty cases of Cushing’s syndrome 
and fifty-five cases of virilism due to adrenocortical tumors reported in chil- 
dren between 3 months and 10 years of age The occurrence of benign adreno- 
cortical adenoma is less frequent than that of carcinoma. Oppenheimer and 
associates® collected all reported cases up to 1952. There were 103 tumors, 
twenty-one (20.4 per cent) of which were benign and eighty-two (79.6 per 
cent) of which were malignant. 
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In spite of the increasing awareness and recognition of the presence of 
adrenocortical tumors, there are relatively few reports of the cure of Cush 
ing’s syndrome by the successful removal of benign adenomas in adults or chil. 
dren. Walters, Wilder, and Kepler'* reported removal of an adrenocortical! 
adenoma in a 9-year-old girl in 1934. A recent communication from Dr. Wal- 
ters’ reveals that this patient was in excellent condition in 1944. Walters and 
Kepler™ reported suecessful excision of an adenoma in a 23-month-old girl in 
1938. Cahill and Melicow,? in their review of the subject in 1950, reported sue- 
cessful excision of an adenoma in an 11-year-old boy. Sobel and associates 

reported the successful removal of an adenoma in a boy 814 years of age. 
Hall’? reported suecessful removal of an adenoma in a 21-month-old girl. 

The diagnosis of Cushing’s syndrome in this patient was evident. The tu- 
mor was palpable and a soft tissue mass could be seen on the plain roentgeno- 
gram of the abdomen. Intravenous urograms showed the tumor depressing 
the left kidney. If these measures had not localized the tumor, laminograms 
and perirenal air insufflation might have been of benefit. Studies of the uri- 
nary excretion of the adrenal steroids and cortoecoids are frequently helpful. 
The urinary 17-ketosteroid levels in children under 6 years of age are usually 
less than 1.0 mg. per twenty-four hours. The 0.65 mg. level in this child was 
not considered abnormal. The urinary 17-hydroxysteroid exeretion is given 
by Norymberski® as 2.3 to 3.8 mg. per twenty-four hours in children. This pa- 
tient’s level of 6.17 mg. was approaching normal adult levels. 

If the tumor is palpable, or is otherwise localized, the surgical approach 
which gives the best exposure should be used. In our opinion a thoracoab- 
dominal incision allows optimal exposure of an adrenal tumor and its pedicle 
with the least amount of manipulation. This incision also allows palpation of 
the abdomen and examination of the opposite adrenal gland. Weinberg" 
found that the contralateral adrenal gland was atrophic in twenty-one (61.7 
per cent) of thirty-four patients and absent in two patients. If a tumor e¢an- 
not be localized preoperatively a transverse upper abdominal incision can be 
made. After localization, the incision can be extended into the thorax on the 
indicated side if exposure is inadequate. 

With the advent of ACTH and the adrenocortical hormones and with in- 
telligent preoperative and postoperative management, there should be inereas- 
ing numbers of reports of successful excision of adrenocortical tumors in the 
future. 

On clinical grounds alone, and notably on the basis of the patient’s appear- 
anee, it seemed ineconeeivable that the patient did not have Cushing’s syn- 
drome, Yet the laboratory evidence for this was not conclusive. However, 
the 17-ketogenic corticoids were considerably higher than one would expect in 
a normal 9-month-old girl. The 17-ketosteroids were not significantly ele- 
vated in relation to data on other infants. Although the circulating eosino- 
phils were relatively low they remained higher than would have been antici- 
pated in florid Cushing’s. Peculiar, too, was the absence of electrolyte abnor- 
malities and glycosuria. 
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SUMMARY 


A ease report is presented of a 9-month-old girl who had an adrenocortical 
adenoma producing Cushing’s syndrome. The tumor was successfully removed 
with disappearance of the stigmata of Cushing’s syndrome. She is alive and 
well seventeen months postoperatively with no evidence of recurrence. 
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REPAIR OF AN ABDOMINAL AORTIC VENA CAVAL FISTULA 
CAUSED BY RUPTURE OF AN ATHEROSCLEROTIC ANEURYSM 


B. Etseman, M.D., aNnp R. H. Hugues, M.D., DENvER, CoLo. 


(From the Department of Surgery, University of Colorado School of Medicine, 
and the Denver Veterans Administration Hospital) 


ESECTION and homograft replacement of the abdominal aorta are now an 

accepted and commonplace procedure for aneurysm or atherosclerotic 
obstruction. The purpose of this paper is to present a case in which an arterio- 
venous fistula between the aorta and the inferior vena cava complicated the 
course of an abdominal aneurysm and in which the fistula was resected and 
replaced with a lyophilized homograft. The diagnostic features of this condi- 
tion which, because of its curability, now assumes clinical as weil as theoretical 
importance, are emphasized. 

CASE REPORT 


L. S., a 61-year-old white man, was referred to the Denver Veterans Administration Hos 
pital on Jan. 12, 1955, because of progressive swelling of the lower extremities of 12 days’ 
duration. Twelve days prior to admission he first noted a mild, steady lower abdominal 
discomfort, more severe in the right lower quadrant, associated with malaise, fatigability, 
and a daily temperature elevation to 105° F., accompanied by the onset of rapidly progres 
sive edema. A weight gain of 20 pounds over his normal body weight occurred prior to 
hospital admission. 

Upon physical examination the blood pressure was 120/40 and there was massive 
edema of the trunk and lower extremities. The heart was enlarged to the midaxillary line 
and a grade III systolic murmur was heard over the entire precordium. There was marked 
ascites and a loud, harsh systolic bruit was palpable and audible over the entire abdomen 
and back, with greatest intensity at the level of the first lumbar vertebra posteriorly. 
Over the abdomen and lower extremities dilated and superficial veins were seen, which, 
when carefully observed, were seen to pulsate (Fig. 1). 

Laboratory data included a hematocrit of 33 per cent, sodium of 110 meq. per liter, 
potassium of 4.1 meq. per liter, blood urea nitrogen of 25 mg. per cent, chlorides of 88 meq. 
per liter, total serum protein of 4.95 Gm. per cent, with 3.35 Gm. of albumin and 1.60 Gm. 
of globulin. Urinalysis revealed a specifie gravity of 1.006 with 1+ albumin. The electro 
cardiogram was normal, but a chest film showed pulmonary artery enlargement, an increase 
in heart size, mainly involving the left ventricle, and a left pleural effusion. The venous 
pressure was 100 mm. of water in the arm and 140 mm. of water in the left femoral vein. 

Aortography revealed diversion of the dye column from the abdominal aorta just be- 
low the renal arteries into the tremendously dilated vena cava just above the confluence of 
the iliac veins (Fig. 2, 4), and this was considered diagnostic of an abdominal aortic fistula. 

During the ten preoperative hospital days, edema increased, the weight rose to 209 
pounds, and cardiac decompensation progressed despite digitalization. 

On January 25, operative closure of the fistula was undertaken. It was proposed to 
utilize generalized hypothermia anesthesia, but on two occasions induction of anesthesia 
produced a disappearance of the pulse, cyanosis, and shock. After suitable recovery 4 


continuous spinal anesthesia was utilized. 
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Laparotomy was performed through a long, midline incision and was marked by a 
tremendous amount of bleeding from the dilated and pulsating superficial veins in the 
abdominal wall, which ruptured upon the slightest manipulation and which were difficult 
to control until the fistula was closed. 

The patient was tolerating the procedure poorly until it was possible to occlude the 
vena cava between the fingers placed proximal to the fistula. Immediately the systolic 
bruit diminished and a typical Branham effect was noted, with slowing of the pulse and a 
narrowing of the pulse pressure. This resulted in such an improvement in the patient’s 
condition that general endotracheal anesthesia could be employed thereafter. 


Fig. 1.—Infrared photograph of patient showing dilated veins on anterior thoracic and 
abdominal wall. The larger of these veins were visibly pulsating prior to closure of the 
aortic-vena caval fistula. Note also adema of abdominal wall. 


Abdominal exploration revealed a friable atherosclerotic aneurysm of the abdominal 
aorta extending from immediately below the renal arteries to the aortic bifurcation. The 
exact limits of the fistula could not be visualized due to the dense sear between the friable 
aneurysm and the tremendously dilated vena cava, which under arterial pressure measured 
approximately 9 em. in diameter. A difficult dissection of the vena cava from the densely 
adherent aorta was complicated by progressive linear tears in the distended, thin-walled 
vena cava, but proximal aortic occlusion finally was obtained. The defect in the vena 
cava was easily closed once arterial flow into this thin-walled vessel was controlled. After 
closing the fistula it was found that there was essentially no posterolateral wall to the 
aorta on the right from a point immediately below the renal artery to the aortic bifurcation. 
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Since the patient was in poor condition, it was not deemed feasible to resect and homograft 
the aorta as originally planned. There being no posterior aortic wall, the friable edges 
of the aorta were sutured to the fascia overlying the vertebral bodies and a tight closur 
ultimately attained. 

The postoperative course was remarkably benign. Blood pressure soon returned to 
115/80 and urinary output was uninterrupted. 





A. B. 


Fig. 2.—A, Retouched aortogram prior to closure of fistula. Aorta fills to just below 
renal vessels where dye column shifted to patient’s right and filled the dilated vena cava and 
iliac veins. 

B, Postoperative aortogram showing functioning aortic bifurcation graft. 


Despite the fact that the serum sodium level was 126 meq. per liter on the first post 
operative day, sodium and water were restricted in anticipation of edema fluid mobiliza- 
tion. Within twenty-four hours postoperatively, a massive diuresis began. For several days 
edema fluid literally ran out of needle puncture holes in the skin and a negative water 
balance of 4 to 6 liters daily was noted. On the eighth postoperative day diuretics were 
begun and by the fifteenth postoperative day the patient had lost 61 pounds of body weight 
from his immediate preoperative level. During this time sodium was restricted, and despite 
the initial hyponatremia and large urinary volume the plasma sodium rose to within nor 
mal limits. Blood chemistries were normal by the seventh postoperative day and the blood 
pressure stabilized at 135/80. The patient was discharged from the hospital on the twenty 
sixth postoperative day in good condition. 

On March 3, the aneurysm was resected and a homograft inserted. The operation and 


postoperative course were uneventful and postoperative aortography demonstrated a fun 
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tioning aortic graft (Fig. 2, B). Examination of the resected aneurysm revealed that the 
fistula measured 1.5 cm. in greatest diameter and was located approximately midway be- 
tween the renal arteries and the aortic bifurcation (Fig. 3).* 
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Fig. 3.—Specimen of resected aorta showing site of fistula into vena cava through the aneurysm 
wall. The fistula measures 1.5 cm. in greatest diameter. 


DISCUSSION 

Arteriovenous communications between most major vessels have been re- 
ported, including sporadic reports of fistulae between the aorta and the vena 
cava. In most instances, these resulted from rupture of a luetie aneurysm of 
the aortic arch into the superior cava! and were recognized only at post-mortem 
examination. Sporadic reports of abdominal aortic—inferior vena caval fistu- 
lae have also appeared.2* ” 

Although vascular fistula of such magnitude would seem to be inecompat- 
ible with survival, in one collected series it was noted that 29.1 per cent of pa- 
tients with an aortic arch-superior caval communication lived over twenty-one 
months.? 





*Six months after his initial fistula, and subsequent to submitting this manuscript for 
publication, the patient expired following a duodenal fistula resulting from his first operation. 
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In 1909, Matas* collected 20 abdominal aorta—inferior caval fistulae from 
the literature and other reports of such pathologie specimens have followed.‘ 
It was not until 1938 that Lehman attempted the first surgical closure of such 
a fistula.° Unfortunately, the patient died fifteen hours following surgery. I 
1944, Biggers® closed such a fistula, but the ligating tape subsequently cut 
through the aorta and caused fatal hemorrhage. 

The first successful closure of an abdominal aortic—vena caval fistula was 
performed by Pemberton and associates’ in 1946, who closed the tract by 
oversewing a portion of the vena cava at the site of the communication. Three 
similar reports followed within the next six years.**¢ In each instance the 
fistula had been produced by a gunshot wound. None was secondary to the 
rupture of an atherosclerotic aneurysm as occurred in the case here reported. 

Atherosclerotic abdominal aortic aneurysms will be brought to the sur- 
geon in ever-increasing numbers in the future, due to our aging population, 
increased awareness of the problem by physicians, improved methods in roent- 
gen diagnosis, and the realization that these previously hopeless lesions are now 
open to corrective surgical attack. Since dissection of such aneurysms into 
the inferior vena cava may occasionally occur, the clinician should recognize 
this lesion which, if diagnosed sufficiently early, is amenable to surgical cure. 

Diagnosis of an arteriovenous fistula between major vessels following a 
gunshot wound should present little difficulty, but it now must be realized that 
no such perforating injury necessarily must precede the development of such 
a fistula. Atherosclerotic aneurysms of the abdominal aorta are often rela- 
tively asymptomatic’ and, as in this case, may perforate with little previous 
warning. Such rupture may be into the free peritoneal cavity, into the overly- 
ing duodenum, or, as reported here, into the inferior cava, which lies in direct 
contact with the abdominal aorta along its right lateral border. The signs of 
a fistula may thus be the first indication of atherosclerotic vascular pathology. 

The physiologic effects and clinical features of an arteriovenous fistula 
have previously been described extensively and are too well known to warrant 
prolonged comment.’® Certain of these features are so dramatically demon- 
strated in this case that they bear emphasis, however. 

The cardiac burden of such a tremendous fistula resulted in early signs 
of failure which were uninfluenced by digitalization but which responded 
promptly to surgical closure of the fistula. In retrospect, we believe that such 
a fistula should be treated as a surgical emergeney in order to spare the myo- 
eardium prolongation of this impossible burden. Arteriovenous fistulae lo- 
eated caudal to the heart are poorly tolerated"! and it may be anticipated that 
untreated survival will be limited to a matter of days or weeks, not to months, 
as may oecur in aortic arch, superior caval communications." 

An inerease in blood volume and of interstitial fluid in the form of edema 
is characteristic of an arteriovenous fistula, but the magnitude of fluid reten 
tion in this case is worthy of comment. The 27.68 liters of edema lost in the 
first twelve postoperative days represents 41.5 per cent of the total body 
weight, or an inerease of 277 per cent in the normal interstitial fluid volume. 
The experimental animal with an arteriovenous fistula tolerates a salt load 
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poorly and accumulates edema with great rapidity.1? The clinical corollary 
is that third space (or edema) enlargement could be minimized by preopera- 
tive sodium restriction. Postoperatively, both sodium and water intake were 
minimized in anticipation of interstitial fluid mobilization of sodium and water. 
The marked postoperative hyponatremia was self-corrective as third space 
sodium returned to the intravascular space in the following three days. Should 
we have corrected the vascular sodium deficit by heroic replacement therapy, 
the patient later would have been in danger of pulmonary edema. The clini- 
cal problem is analogous to edema mobilization following an extensive burn 
and should be similarly treated. 

Immediate surgical closure of such a fistula is the indicated procedure in 
a fistula produced by rupture of an atherosclerotic aortic aneurysm into the 
vena cava. Prolongation of this severe but correctable cardiac burden ean 
only be avoided by early operation. The ability of this patient to tolerate two 
weeks of an arteriovenous shunt of this size merely is a tribute to his myo- 
cardial reserve. Such a fistula secondary to rupture of an atherosclerotic 
aneurysm must be surgically corrected more promptly than the usually self- 
limiting fistula caused by a penetrating wound, which may be tolerated for 
prolonged periods.*** In the former situation, the friable atherosclerotic wall 
surrounding the aortic aperture may further give way producing a progres- 
sively larger fistula, whereas such enlargement is unlikely in the ease of a 
penetrating wound through an otherwise normal, firm aortic wall. For the 
same reason it is technically more difficult to suture such a friable vessel, an 
added reason for primary resection and graft replacement if the patient’s con- 
dition will permit. 

CONCLUSION 


In conelusion, the clinician should be alert for the occasional appearance of 
a fistula developing between the abdominal aorta and the inferior vena cava 
secondary to rupture of an atherosclerotic aortic aneurysm and in the absence 
of a history of trauma. Such patients should be prepared for surgery as 
quickly as possible by digitalization and fluid and salt restriction in an effort 
to minimize edema. Aortic aneurysm resection and graft replacement should 
be performed, if possible, in one stage, with suture repair of the vena cava. 
Postoperatively, fluid and sodium restriction should continue in anticipation 
of the massive fluid mobilization and diuresis that will ensue. 


SUMMARY 


1. A ease has been presented in which successful surgical closure of an 
arteriovenous fistula between a ruptured abdominal atherosclerotic aortic 
aneurysm and the inferior vena cava has been effected. The diseased abdomi- 
nal aorta was replaced by a homograft. This is the first time this procedure 
has been reported for this condition. 

2. Problems of diagnosis, surgical and postoperative therapy of such pa- 
tients are discussed. 
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CARCINOMA OF THE ESOPHAGUS, ASSOCIATED WITH 
CARCINOMA IN SITU 


WILLIAM J. PoRELL, M.D.,* ALBIN N. GRENDA, M.D.,** AND 
Puiuie Cooper, M.D.,*** Provipence, R. I., ANp Boston, Mass. 
(From the Surgical Service of the Veterans Administration Hospital, Providence, R. I., and 
the Department of Surgery of Boston University School of Medicine, Boston, Mass.) 


FT gras admitted to the Providence Veterans Administration Hospital 
for treatment of an ulcerating gastric lesion also harbored an esophageal 
neoplasm which was too small to give symptoms or to be seen fluoroscopically. 
It was not diagnosed until a lymph node removed during gastrectomy proved 
to contain metastatic epidermoid carcinoma. Once its presence was suspected, 
the esophageal lesion was demonstrated both by an esophagram and _ by 
esophagoscopy. 

In addition to these interesting diagnostic features, this case also presented 
provocative pathologic findings bearing significantly on surgical curability. 
The lesion, although small and confined to the transverse muscular coat of 
the esophagus, had already produced a solitary subdiaphragmatie node metas- 
tasis. Furthermore, it arose within an area of carcinoma in situ that ex- 
tended up to the line of resection. 


CASE REPORT 


P. P. L. was a 56-year-old man who entered the hospital on Oct. 8, 1954. His only 
complaints were of epigastric pain, anorexia, and a ten-pound weight loss of two months’ 
duration. He had had a transitory episode of similar pain two years prior to admission. 
His history was otherwise not significant. 

Two weeks prior to admission, x-ray studies made elsewhere showed a large ulcerat- 
ing gastric lesion. 

Physical examination revealed a small, thin, but normally developed, white man in no 
acute distress. Except for slight epigastric tenderness on deep abdominal palpation, the 
findings were not remarkable. 

Routine blood and urine analyses were within normal limits. A Venereal Disease 
Research Laboratory serologic test for syphilis was negative. 

Chest roentgenograms showed no abnormalities. A gastrointestinal series showed 
only the ulcerating lesion on the greater curvature of the stomach. 

With a preoperative diagnosis of gastric carcinoma, exploration was carried out on 
October 19. A suspicious gastric lesion was palpated on the anterior wall near the greater 
curvature. A large, hard lymph node, measuring 2 by 1 by 1.5 em., was felt near the origin 
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of the left gastric artery. Consequently, a radical en bloc 90 per cent gastrectomy wit! 
anterior Hofmeister type gastrojejunostomy was performed. A frozen section of th 
suspicious left gastric lymph node disclosed carcinoma, type unspecified. Two jejuna 
mesentery lymph nodes were also biopsied. The patient withstood operation well an: 
made an uneventful recovery. The pathology report, based upon the permanent sections 
stated that the gastric ulcer was benign and that the lymph node contained epidermoid 
earcinoma. The nodes from the jejunal mesentery were negative. There were no oth¢ 


involved nodes in the specimen. 





Fig. 1.—Esophagram showing small filling defect. 


The pathologie report provoked a search for the primary epidermoid lesion. A review 
of the preoperative chest and gastrointestinal roentgenograms was unrewarding, no films 
of the esophagus having been taken. Finally, by esophagoscopy, a small sessile papillary 
tumor was seen on the anterior wall, high in the lower one-third of the esophagus, whicli 
proved by biopsy to be epidermoid carcinoma. Knowing the approximate location of the 
tumor, the radiologist proceeded with barium studies of the esophagus. The tumor could 
not be seen fluoroscopically. Radiographs of the barium-filled esophagus, however, showed 
a small filling defect just below the carinal level (Fig. 1). 

On November 9, through a left combined abdominothoracie incision, a portion of 
distal esophagus, the spleen, and the gastri¢ remnant with attached jejunal limbs, were 
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widely excised en bloc. No suspicious nodes were encountered. The primary lesion was 
barely palpable through the esophageal wall. The esophagus was transected 5 em. proximal 
to the lesion and 4 em. below the arch of the aorta as measured in situ, and an esophago- 
jejunostomy with Roux Y jejunojejunostomy was performed. 

The patient recovered well from this procedure and was discharged from the hos- 
pital one month later. While at home, he had mild diarrhea and dysphagia, was unable to 
gain weight, and developed a draining sinus in the thoracic wound which required readmission 
in February, 1955. Esophagoscopy then revealed some narrowing at the line of anastomosis, 
but no evidence of recurrent disease. The dysphagia responded well to dilation up to a 


No. 48 dilator. 
PATHOLOGY 
The pathology report described the esophageal tumor as sessile, with a fairly 
good mucosal covering, and measuring 1.5 by 0.5 by 0.5 em. It was freely 
movable and did not appear adherent to the submucosal layers. One node found 
along the wall of the esophagus proved benign microscopically. 


Ciel 


nel 


Fig. 2.—Longitudinal microscopic section of proximal end of resected esophagus demonstrating 
the gross tumor and the carcinoma in situ. 


For microscopic examination, longitudinal sections were taken through 
the resected end of the esophagus, including the tumor (Fig. 2). In these sec- 
tions the mucosa was abnormal everywhere, with irregular hyperplastic thick- 
ening and stratification and keratinization of squamous cells. Irregular large 
hyperchromatie nuclei and mitoses were present in the upper strata. The 
changes were typical of carcinoma in situ. In the mid-portion of the sections 
there was invasive epidermoid carcinoma, Grade II, which extended down to the 
muscle and was surrounded by a stroma containing leukocytes. The nodular 
arrangement of the carcinoma and the presence of uninvolved accessory gland 
ducts suggested glandular involvement or partial glandular origin of an 
epidermoid carcinoma. In other adjacent sections there was better demonstra- 
tion of squamous metaplasia and carcinoma in situ in accessory glands, as one 
component of development of the epidermoid carcinoma, Grade II, which was 
shown arising from multiple foci. Lymphatic invasion was seen. 
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COMMENT 


Because of the gastric ulcer, this patient’s esophageal cancer was discovered 
before becoming detectable either clinically or by routine upper gastrointestinal! 
x-ray examination. It could be demonstrated by a radiograph of the barium- 
filled esophagus, however. In the interests of early diagnosis of esophageal! 
cancer, this experience suggests the desirability of taking such radiographs 
routinely whenever x-ray studies of the upper gastrointestinal tract are made. 

Despite its small size and confinement within the transverse muscular coat 
of the esophagus, moreover, the tumor had already produced a solitary sub- 
diaphragmatic lymph node metastasis. The over-all five-year survival rate in 
Sweet’s' series was only 13.5 per cent when lymph nodes were involved, whereas 
it was 40 per cent when nodes were free of cancer. Thus, while still clinically 
undetected and locally confined, this patient’s disease had already advanced 
to a relatively unfavorable state from the standpoint of curability, by virtue 
of distant lymph node spread alone. 

Furthermore, the invasive cancer took origin in an area of abnormal 
mucosa, presenting the typical changes of carcinoma in situ. Although the 
lesion was resected with a grossly adequate margin of esophagus, the band of 
abnormal epithelium extended to the line of resection. Such in situ changes 
in the esophagus are said to be not uncommon,” * yet are seldom mentioned 
in reports dealing with surgical treatment of esophageal cancer. The micro- 
scopic findings of Slaughter and associates‘ in their study of squamous-cell 
‘arcinomas of the oral cavity are strikingly applicable to the case at hand. 
Applying their conclusions to this case, it might be said that the esophagus 
had been resected through an area of ‘‘field cancerization,’’ that other such 
areas might be present in the proximal esophagus, and that there is a significant 
risk of local recurrence or of another primary esophageal epidermoid car- 
cinoma arising later. 

There is no precedent for or against this conclusion in the publications 
dealing with results of esophagectomy. Sweet! stated that local recurrence 
at the suture line is ‘‘a rarity even in those who succumb eventually to the 
disease.’’ Garlock and Klein® reported three instances of recurrence at the 
suture line in 49 eases with lower and mid-thoracie esophageal tumors. Their 
discussion of the problem of suture line recurrence was limited to the tendency 
for spread along the submucosal lymphatics. Presumably, carcinoma in situ 
was not a factor in their series. The postoperative occurrence of a second 
primary carcinoma remote from the original lesion has not been reported. 
Eker? found foci of carcinoma in situ remote from the tumor in 5 of 32 esophagi 
resected for cancer. His findings and admonitions may not be so applicable 
in this country, however, since precancerous epidermoid lesions of the oral 
cavity and esophagus are much more common in Sweden than here. In ret- 
rospect, a frozen section taken from the line of resection during surgery might 
well have led to the removal of more esophagus in this case. However, even if 
this area of in situ carcinoma had been totally removed, there remains the 
possibility of other areas existing higher in the esophagus. 
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SUMMARY 


Various aspects of the problem of eurability in cancer of the esophagus are 
discussed with reference to a patient being followed currently at the Providence 
Veterans Administration Hospital. Of particular interest is the fact that the 
tumor arose in an area of carcinoma in situ, the prognostic implications of which 


are as yet poorly defined. 
REFERENCES 


. Sweet, Richard H.: The Result of Radical Surgical Extirpation in the Treatment of 
Carcinoma of the Esophagus and Cardia, Surg., Gynec. & Obst. 94: 46-52, 1952. 

. Eker, R.: Squamous Cell Carcinoma of the Esophagus; A Preliminary Report, Acta 
chir. seandinav. 103: 430-439, 1952. 

3. Willis, R. A.: Pathology of Tumors, St. Louis, 1948, The C. V. Mosby Company. 

. Slaughter, D. P.: Field Cancerization in Oral Stratified Squamous Epithelium; Clinical 
Implications of Multicentric Origin, Cancer 6: 963, 1953. 

. Garlock, J. H., and Klein, 8S. H.: The Surgical Treatment of Carcinoma of the 
Esophagus and Cardia; An Analysis of 457 Cases, Ann. Surg. 139: 19-34, 1954. 





LYMPHOSARCOMA OF THE KIDNEY 
Louis F. KNoeprr, M.D., ALEXANDRIA, La. 


(From the Veterans Administration Hospital) 


YMPHOSARCOMA of the kidney is a rather uncommon variety of renal sar- 
L coma, a rare class of neoplasm in itself. Only a few of the latter are 
reported annually. If one limits consideration to lymphoid tumors having 
primary origin in the kidney, material becomes exceedingly sparse. That such 
a disease exists has been questioned for many years and is still not accepted 
in many cireles. One hesitates, therefore, to present any material suggesting 
the existence of the condition unless it can be shown that such material is 
undisputedly well founded. That lymphoid disease may be primary in the 
kidney is first hypothesized by the fact that lymphosarcoma, although usually 
a generalized disease, may be localized in some organs. Instances are well 
known in the stomach, intestine, spleen, and even in occasional cases of lymph 
node involvement. 

Previous reports suggesting the renal origin of lymphosarcoma invariabl) 
reveal involvement of neighboring or distant lymph nodes, or show that the 
kidney was involved in a retroperitoneal mass of the tumor. Only a few have 
escaped this invariable revelation. That the kidney becomes frequently in- 
volved in various lymphoid pathologie states has been well summarized by 
Watson, Sauer, and Sadugor in a study of autopsy material. Of all their 
‘“ases studied, there was renal involvement in 82.5 per cent. In studying 
specific entities it was found that the genitourinary tract was involved in 61.4 
per cent of the lymphoblastomas, 58.6 per cent of the leukemias, and 6.6 per 
cent of the Hodgkin’s eases. Other similar articles have emphasized the rela- 
tionship of the genitourinary tract to the lymphoid diseases, but one is normally 
led to believe that in nearly all cases, these are primary elsewhere. The in- 
volvement of the kidney in such a neoplasm may not alter the excretory fune- 
tion of the organ. Symmers reported three cases of bilateral lymphosar- 
comatous involvement of the framework of the kidneys which did not com- 
promise their functional output. In these particular cases, the origin of the 
tumor was thymic in two and intestinal in the other. The few cases which 
have claimed renal origin are difficult to authenticate. One case reported by 
Elmer and Boylan was supposedly limited to the kidney at the time of surgery, 
but the patient died with generalized involvement. In a group of six patients 
collected by Gibson, only two survived, but the outcome was vague. In these 
two survivals, Gibson surmised eventual fatal outcome as other nodes were 
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found to be involved. The other four died within a few months to a year 
despite radiation therapy. In one other ease, reported by Miller, the tumor 
was assumed to be primary in the kidney in a 50-year-old woman. This 
capsular tumor measured 15 by 7 by 7 em. but the patient succumbed post- 
operatively and no autopsy was performed. One realizes the rarity of this 
condition in one report of 650 tumors of the kidney wherein only five were 
lymphosarcoma and none was believed primarily renal. 

Lymphoid pathology in the kidney has been classified according to manner 
of involvement and by microscopie differences. One author simply catalogued 
these tumors as either capsular, nodular, diffuse, or as a solitary tumor. These 
are the manifestations of invasion of the kidney by the lymphoid pathologic 
process. The capsular form commands interest since it is the only type which 
lends any support to claims of primary renal involvement. This tumor sur- 
rounds the kidney with compression of the parenchyma by the heavy collar 
of tumorous capsule. The capsule is rich in lymphaties and tumor may invade 
the renal substance secondarily by cords of cells which radiate centrally from 
the capsular tissue. Function of the kidney may be unaltered and pyelograms 
usually do not reveal the true nature of the process. Pyelography in some of 
these cases has been interpreted as resembling lipomatosis, and Miller stated 
that the real diagnosis has never been made preoperatively. The difficulties 
along this line are well understood since only 34 per cent of the patients have 
renal symptoms and there may be no distant nodes or other sites of involve- 
ment. The weak point in claims of primary capsular tumor has been brought 
out by others who consider capsule invasion a part of the general spread of 
the tumor from surrounding nodes. When extensive, a retroperitoneal mass 
may be well developed before the tumor is suspected. In such instances, the 
kidney is literally surrounded by the lavalike flow of tumor growth. If one 
could produce an instance in which the tumor was limited to the renal capsule 
without a surrounding nodal or other organ involvement, it might give stronger 
appeal to a primary claim. 

Ewing stated that lymphosarcoma differs from other lymphomas in that 
it is locally destructive and forms true metastases in different organs and 
lymph chains. Some authors have called attention to a tendency to involve- 
ment of paired organs. Pathologists generally approve the microscopic classi- 
fication into lymphoblastic, stem cell, clasmatocytie, lymphocytic, Hodgkin’s 
granuloma, and follicular lymphoma. The lymphoblastic, stem cell, clasmato- 
cytie types do not live long (median 0.6 to 1.1 years). The lymphocytic, 
Hodgkin’s type, and follicular lymphomas live lorger (median 2.4, 3.2, and 5 
years, respectively). In a general discussion of 130 patients with lympho- 
sarcomatosis, Hellwig (quoted by Gibson) stated optimistically that 24.6 per 
cent survived five years or longer and that 17.2 per cent were cured. While the 
lifespan is usually quite limited, some patients will survive surprisingly long. 
These tumors are highly radiosensitive at times, but in the cases supposedly 
limited to the kidney and nephrectomized, all died within a few months to a year 
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despite additional radiation therapy. It would appear that if such a tumo 
were limited to the kidney, wide surgical removal would offer the most hope 
ful outlook. 

The case being presented herein has many aspects which lend strength to 
its being of primary renal involvement. First, this was the only known site oi! 
involvement at the time of first surgery; second, the patient was re-explored 
two years later and no recurrent or additional masses were found; last, he has 
survived five years after radical nephrectomy without sign of recurrence. The 
gross and microscopic specimen has been reviewed by many pathologists, al! 
of whom have confirmed the tumor type and mode of involvement of the c¢ap- 
sule. It is firmly believed that, although rare, this type of tumor ean be 
primary in the kidney just as it ean be primary in the lymphaties of other 


major organs. 


Fig. 1.—Gross specimen; kidney tumor bisected. 


CASE REPORT 

F. C., a 58-year-old Negro man, first entered the Veterans Administration Hospital 
at Alexandria, Louisiana, with a diagnosis of cholecystitis made by the referring physician. 
He had a two-year history of vague abdominal pain which was somewhat localized to the 
right hypochondrium and epigastrium. There were no other symptoms of nausea, hema- 
temesis, or belching. He had had a 30-pound weight loss in the past year. 

Examination revealed a slightly undernourished Negrc man with an oral temperature 
of 98.6° F., a pulse rate of 80, and a respiratory rate of 20. The blood pressure in the right 
arm was 150/105. Findings were limited to the abdomen where there was slight tenderness 
on deep palpation in the right hypochondrium. One could feel a large mass in this area 
which did not move with respiration and appeared to be retroperitoneal. The liver was 
normal in size. The spleen was not palpable, nor were there any significant lymph nodes 
anywhere. 
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Laboratory examinations showed a red cell count of 3.9 million, hemoglobin of 12.2 
Gm., white cell count of 3,300 with 57 per cent neutrophils. The Kahn test was negative 
and a urinalysis was essentially normal. A gastrointestinal series and cholecystogram were 
normal. Retrograde pyelography revealed the excretion of dye somewhat sooner on the 
right side, but both were within normal limits. The pyelogram was interpreted as re- 
sembling bilateral lipomatosis of the kidneys. A bone marrow biopsy showed the follow- 
ing: red cell marrow 50 per cent active; no neoplastic tissue; cell types identified as 
eosinophils 2, nucleated red cells 35, myeloblasts 4, myelocytes 8, juveniles 14, polymorphs 
29, and lymphocytes 13. 

Because of the feeling that tumor was present on the right side, the patient was 
explored surgically on Jan. 12, 1950, under nitrous oxide-ether-oxygen anesthesia, utilizing 
a right transverse incision. Findings were limited to a large mass in the right renal fossa 
replacing kidney. This was removed with a surrounding zone of perirenal fat and a por- 
tion of the right adrenal gland which was adherent to the tumor. Convalescenee was 
uneventful. He was given a prophylactic course of deep radiation therapy over the right 


lumbar area. 


Fig. 2.—Microscopic view of tumor. Tumor cells surround renal tubules. 


Subsequent follow-up on August 3, when he was seen for a general physical checkup, 
revealed that he had regained 10 pounds. There was no gross evidence of recurrence. The 
blood studies showed a red cell count of 4.0 million, hemoglobin of 10.0 Gm., and a white 
cell count of 8,500. 

He was again seen Nov. 5, 1951, at which time he had recovered 25 pounds of his 
initial weight loss. There was vague pain deep under the abdominal sear but this was 
difficult to evaluate as the patient also was suffering from osteoarthritis of the spine, which 


he had had previous to the present illness. The blood pressure was 140/85. The red cell 
count was 5.9 million, hemoglobin was 13.5 Gm., and the white cell count was 4,400. The 
differential smear showed the following: neutrophils 40, lymphocytes 40, eosinophils 12, 
and monocytes 8. Blood chemistry studies and a urinalysis were normal. The chest roent- 
genogram remained normal. Because of our interest in determining the possible presence 
of other lymphoid pathology, a “second look” operation was performed on Nov. 10, 1951, 
with entirely normal findings. There was no semblance of recurrence and none of the 
abdominal lymph nodes was enlarged. A 5 by 5 em. area of thickened omentum was 
removed for biopsy and showed only chronic epiploitis. He was discharged December 4. 
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This patient was followed by letter during the ensuing years, until Jan. 14, 1955, whe 
he reported to the Veterans Administration Hospital with a painful nodule just beloy 
the abdominal sear. This had been present only three months and there were no significan 
symptoms related to tumor recurrence. This mass was removed and proved to be a foreig: 
body granuloma surrounding nonabsorbable suture material. All blood studies and 
urinalysis were normal. He was again discharged, showing no evidence of tumor recur 
rence. 

Pathologic Report——The specimen was that of a tumor 16 by 11 by 7 em. which was 
yellowish gray and glistening in appearance and appeared to surround and invade the enti 
kidney in a capsular manner. Invasion had occurred more remarkably in the cortex, replacing 
a good portion of it, but had also invaded the pyramidal portion as well. In so doing, tl 
kidney appeared to be compressed as well as invaded. Tumor tissue also invaded the perirena| 
fat and replaced it greatly. At the superior pole was firmly attached a portion of adrenal 
gland which appeared invaded also by the tumor. 

Microscopically, sections through the kidney capsule and parenchyma showed con 
plete replacement by homogenous masses of small and fairly uniform round cells with 
hyperchromatic nuclei and faintly stained cytoplasm. These cells resemble lymphocytes 
but there is pyknosis, mitosis, and nucleolar prominence. Capillary formation is abundant 
and a few shadowy tubules and glomeruli are visible. 

Diagnosis.—Lymphosareoma, lymphocytoma type, of kidney was diagnosed. (This was 
confirmed by the Armed Forces Institute of Pathology.) 


CONCLUSIONS 


1. A ease is reported of a lymphosarcoma of the kidney, most likely primary 
and limited to that organ, with successful surgical removal. 


2. The patient has been followed for over five years and still remains free of 
recurrence. 
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CHEMICAL MODIFICATION OF ARTERIAL HOMOGRAFTS 


(HILBERT G, EKaApDE, M.D.,* T. Luoyp FLETcHER, PH.D.,** RALPH J. SCHLOSSER, 
M.D.,*** Rautpu K. Zecu, M.D.,**** anp HENRy N. Harkins, M.D.***** 
SEATTLE, WASH. 


(From the Department of Surgery, University of Washington School of Medicine) 


ERTAIN chemical treatments appear to have a favorable effect on aortic 

homografts and offer a suitable method of preservation. 

The purpose of this study was to obtain information for further, more 
critical studies in this regard and to evaluate four chemical agents from the 
following aspects: (1) the ability of the chemicals when used under earec- 
fully defined but simple conditions to give a high percentage of satisfactory 
homografts, (2) the ability of the chemicals to reduce possible homograft 
antigenicity and decrease homograft degeneration, and (3) the ability of 
the chemicals to act as preservatives for homografts. 

At present, freeze-drying is the most practicable method of maintaining 
a sufficient number and variety of homografts for clinical use. We have been 
using this technique exclusively to stock our vascular bank for the past two 
years. The method requires special care in graft procurement, special ap- 
paratus, trained technicians, and considerable time. Because of these factors 
and the observation that homografts, viable or not, undergo undesirable 
changes such as those noted by Keefer and associates’? (1952) in growing 
dogs, and by Kanar and associates* (1954) in growing pigs, it was felt other 
methods of homograft management should be investigated. Our laboratory 
experience with one alternative, chemical modification and preservation, is 
reported here. 

Others have treated homografts with chemicals either for preservation 
such as reported by Levin and Larkin'*® (1907) and Pierce and co-workers" 
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(1949) or for sterilization as described by Brunnen' (1953), Hufnagel® (1953) 
Ross*? (1954), and Trafas and associates?’ (1954). Our efforts were directed 
at possibly altering homografts with chemicals in the hope that the tendency 
toward early degeneration would be lessened whether due to antigenicity 
or other factors. 

Experimental arterial homografts, except in rare instances, such as that 
reported by Sauvage and Harkins?’ (1953), and by Kanar and associates® 
(1954), behave as nonviable structures. They are replaced by the host in 
accordance with the early observations of Carrel? (1908), and Klotz and eo- 
workers’? (1923), and the more recent reports of Gross and associates’ (1949), 
Sauvage and Harkins** (1951), and Swan and Johnson*® (1950). 

Homografts do not grow. They can undergo dilatation and stretching. 
They presumably are antigenic,® 1° 1* although we have been unable to dem- 
onstrate the presence of antibodies to homologous aorta by conventional 
means.* They are replaced to varying degrees by host fibroblasts. They 
uniformly undergo degeneration with calcification and loss of structure. 

Modification of tissue components by chemical agents is a possible ap- 
proach to reducing antigenicity and slowing degeneration. The treated homo- 
graft would be rendered a strong pliable tube, inert, and lacking the tendency 
toward early degeneration. This would enable host fibroblasts to invade and 
change the structure into a viable functional conduit for blood. 

In this study, compounds were selected on the basis of possible mild chem- 
ical activity. They were evaluated superficially as sterilizing agents and 
preservatives, and then the chemically treated grafts were studied by trans- 
plantation into the thoracic aorta of the growing pig for a six- to eight-month 
period. This animal was chosen because during its growth period of six to 
eight months weight increases about 800 per cent and length about 110 per 
cent. The thoracic aorta location was selected because previous investigation 
by Kanar and associates® (1954) indicated that homografts in this site undergo 
a more rapid and severe degeneration than do similar segments implanted in 
the abdominal aorta of the growing pig. It was felt that the homografts 
would thus be under relatively great stress. 

The chemicals used are reported according to their effects on homogratts 
after a period of preservation and after a six- to eight-month period of im- 
plantation in the thoracie aorta of the growing pig. Results are compared 
with previous ones obtained using fresh and delayed homografts in the same 
anatomieal site in the growing pig. 


MATERIALS AND METHODS 


Chemicals.—The agents used were ethylene oxide, ethylene carbonate, ethylene imine, 
and propylene oxide. These are summarized in Table I comparing structure, boiling point, 


sterilizing activity, and toxicity. 
Bacterial and Tissue Culture Studies.—These were done in conjunction with the De- 
Non- 


partment of Microbiology of the University of Washington School of Medicine.* 


C. A. Evans. 
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sterile homografts were immersed in the chemical agents for varying periods of time and 
then subjected to aerobic and anaerobic bacterial culture and tissue culture studies. The 
grafts were not artificially contaminated with organisms. 

Homograft Treatment Outline-—Some homografts were obtained from the 6-week-old 
pig at the time of surgery with a section being removed when a treated and preserved 
graft was implanted. Some were taken from adult pigs at the time of slaughter. Ali 
segments were first treated by immersion in the liquid chemical for varying periods and 
then preserved in one of the following ways either at room temperature or at —20° C.: 
(1) stored in the chemical itself, (2) stored in the vapor after decanting the chemical, 


(3) transferred to absolute alcohol for storage. 

Grafts in the ethylene oxide series were either treated for a short duration (five to 
thirty minutes) or a long duration (one-half to three hours) prior to storage. 

Ethylene carbonate was brought up to its melting point, which is just above body 
temperature, and the grafts were treated in the liquid for one-half hour or less. 


TABLE I. PROPERTIES OF CHEMICAL AGENTS USED FOR HOMOGRAFT TREATMENT 








BOILING OR MELTING 
CHEMICAL STRUCTURE POINT TOXICITY 
Ethylene oxide* H.C — CH, 14° C. (B.P.) Severe: Requires spe- 
‘oe cial care in handling. 
O 





Vapor very toxic. 
Explosive mixture 
with air} 


H.C — CH. 36° C. (M.P.) Very mild: No spe- 


Ethylene carbonate 
| cial care required 


Ethylene imine H.C — CH, Severe: Requires spe- 
an cial care. Vapors 
N toxic 
H 
H.C — CH — CH, Bo C CBP) Severe: Vapors toxic 


i 
O 


*We are indebted to Jefferson Chemical Co., New York, New York, for the donation of 


this substance. 
7We are indebted to Dow Chemical Co., Midland, Michigan, for the donation of this 


substance. 
{Phillips and Kave (1949). 


Propylene oxidet 





Grafts treated with ethylene imine and propylene oxide were immersed in the liquid 
one-half hour or less as it was earlier found that longer treatments brought about a pre- 
disposition to severe calcification. 

Following preservation for from seven to one hundred fifty days, the grafts were 
evaluated with respect to pliability, strength, elasticity, and ease of suturing. 

Method of Animal Study.—The length of preservation prior to implantation varied from 


one to 150 days. In no instance was a homograft placed in a litter mate of the pig from 


which it was taken. 

Eighty-seven healthy weanling pigs averaging 14 kg. had chemically treated grafts 
implanted into the thoracic aorta under surgically sterile conditions, Intraperitoneal 
nembutal and positive pressure endotracheal ether anesthesia were used. The aorta was 
approached through a left thoracotomy incision in the fourth or fifth intercostal space 
transecting the ribs above and below at the posterior extent of the incision. The aorta 
was mobilized as needed depending on the length of segment to be implanted. The grafts 
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varied from 1.5 to 8 em. in length and from 0.7 to 1.3 em, in diameter. The amount 
host aorta resected varied with the length of the homograft and was roughly comparah 
Most anastomoses were done over polyethylene shunts; the remainder were perform 
without shunting. Where shunts were utilized one anastomosis and about two-thirds 
the other were done prior to sliding out the shunt. The total occlusion time varied fro 
four to eight minutes in these instances to ten to fifteen minutes in the cases where 1 
shunts were used. A 5-0 arterial silk suture was used with a continuous over-and-ov 
stitch. Following the anastomosis a single ‘‘green’’ stitch was placed in the host aorta 
1 em. above and 1 em. below the graft as a reference for comparative measurements at 
the time of slaughter. Measurements were taken of the graft in situ and of the host 
aorta. The pleura was carefully closed over all grafts, the lungs inflated, the chest wall 
closed in layers, and the thorax aspirated following closure. The operative time averaged 
one and one-half hours, No antibiotics were used. 

The pigs were allowed to mature on a farm for six to eight months on an unlimited 
grain diet and then sent to slaughter at which time the thoracic aorta was harvested, 
growth measurements were taken of the animal, and the thoracic cavity was inspected 
for enlarged collateral circulation, old or recent hemorrhage, or infection. 

The specimens were dissected free of surrounding soft tissue and inflated with air 
to 120 mg. Hg pressure. Repeat measurements were taken of the dimensions recorded at 
implantation. Photographs were taken of both inflated and open views, the gross findings 
recorded, sections taken for histologic examination, and the remainder of the graft and 
host aorta submitted for chemical analysis.* 

The measurements taken at surgery and at slaughter for determining pig growth, 
host aorta growth, and dimension change of the homograft were: crown-rump length of 
the pig, incision length, body weight, distance between anastomosis and the green stiteh 
(1 em. at implantation), diameter at ‘‘green’’ stitches, diameter at mid-graft, and length 


of graft. 


, 


RESULTS 

The results will be presented in detail in the following section and out- 

lined in Table II where they are compared with fresh homografts and homo- 

grafts preserved in mineral oil and Tyrode’s solution. They will first be 

reviewed from the standpoint of the behavior of the homografts and second 
from the standpoint of the chemical agents used. 


HOMOGRAFTS 


Behavior of Grafts In Vitro.— 

Results of bacterial culture and tissue culture: All agents were satisfactory 
bactericides under the conditions of the study. The effect on viruses, spiro- 
chetes, and fungi was not evaluated. At slaughter none of the animals or 
specimens showed gross evidence of infection. Microscopy showed about 5 
per cent of the grafts to have an increased number of mononuclear cells in 
the adventitial portions, occasionally extending into the media, suggesting 
an inflammatory response. In none were polymorphonuclear cells or areas of 
necrosis present. 

Specimens submitted for tissue culture following preservation all failed 
to show growth in the presence of proliferating controls. 

Changes in the grafts after preservation: Homografts were preserved as 
outlined earlier, from one to one hundred fifty days prior to implantation. 





and phospholipid 


hes¢ 


*Determinations of calcium, magnesium, free and total cholesterol, 
content are being done on the grafts, the adjacent host aorta, and on normal aorta. 
results will be reported separately by Dr. T. Lloyd Fletcher. 
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More or less lipid material was extracted by the chemicals used. Nitrogen 
determinations by the Dumas micromethod showed significantly elevated 
values for grafts treated with ethylene imine after thorough removal of the 
chemical. Lower than normal levels were found in the homografts treated 
with ethylene oxide. The results of these studies of composition change will 
be reported more fully at a later date in conjunction with comparative chem- 
ical analyses of grafts and normal aorta tissue now being done. 


TABLE IIT. FATE OF HOMOGRAFTS 
















































































a DIMENSIONAL CALCIFICATION 
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me /OS Temp. 
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5 Deep Freeze 8 37 58 13 18 75 2.0+ 150 2.0+ 14+ 
Propylene Oxide 7 39 42 33 28 50 15+ 75 3.0+ 1.5+ 
Ethylene Imine 7 —- —_—- — — 100 4+ 400 0 4+ 





Dimensional index is the ratio of graft dimensional increase to host dimensional increase, 
expressed as per cent. 

The incidence of calcification refers to the per cent of grafts with gross calcification 
in a given series. The extent of calcification is the average amount present per calcified sraft 
based on the following: 1+ = a single calcified plaque less than 0.5 cm. in diameter, 2+ = 
or more such plaques or an area of calcification larger than 0.5 cm. and covering less than 14 
of the graft, 3+ = calcification involving more than 14 of graft area but without the homograft 
being completely | calcified, and 4+ = complete calcification of graft. The calcification index 
is the incidence times the average extent per calcified graft and gives a more accurate appre- 
ciation of the amount of calcification in any group of treated homografts. 

Pliability was graded 0 to 4+ by comparing the graft to the host aorta. 

“ a9 reaction was graded 0 to 4+ according to the amount of external fibrosis around 
1e graft 


Following storage all grafts were hard and leathery. Because of this 
it was necessary to reconstitute every homograft in saline solution or water 
for fifteen to 120 minutes before more normal features returned and the graft 
could be used. After reconstitution the homografts were compared to the sec- 
tion of host aorta removed with respect to pliability, elasticity, strength, and 
ase of suturing. Segments treated longer than one-half hour in ethylene 
oxide, ethylene imine, or propylene oxide yielded poor grafts and many were 
deemed not fit for implantation. Grafts treated with the ethylene oxide for a 
short period and then stored at room temperature gave poor results although 
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many were usable. All sections treated with ethylene carbonate, short dura 
tion ethylene oxide stored at —20° C., and propylene oxide stored at —20° C. 
gave satisfactory grafts. These compared favorably according to the tests 
listed above with the host aorta in all respects. 

Behavior of the Grafts In Vivo.—Eighty-seven homografts were implanted 
in the thoracic aorta of the growing pig. There were four additional animals 


A. 


No. PIG 321 


Ge 4 2 


HELE 














B. 


Fig. 1.—Pig 321. This segment of artery was treated 10 minutes in ethylene oxide and 
placed in a container of absolute alcohol. It was preserved in the alcohol at —20° C. for 
55 days and was transplanted into a growing pig for six months. The open view shows a 
single calcified plaque. From a dimensional standpoint this graft is a satisfactory conduif 
for blood in a growing animal as kept pace with the growing aorta to an appreciable degree 
A, Closed inflated view. B, Open view. 











ee 


voles 79 RECENT ADVANCES IN SURGERY 521 
that did not survive the operation and these are excluded. Five deaths oe- 
curred in the series: one hour, twenty-two days, thirty days, fifty-eight days, 
and one hundred twenty days postoperatively. Two were caused by graft 
rupture at twenty-two and fifty-eight days. One died of intestinal obstruction 
from a volvulus and in the others no apparent cause of death was found. Two 
other animals were paraplegic following surgery and were sacrificed. These 
two and the one dying one hour postoperatively are excluded from the results. 
The two having hind leg paralysis postoperatively were the only animals in 
which the occlusion time of the thoracic aorta exceeded fifteen minutes. 
Neither had a thrombosis. 


Gross appearance: 


1. Dimensional changes. Under inflation with air to 120 mm. Hg pressure 
measurements were taken. These were compared with those obtained at im- 
plantation and a dimensional index determined for each graft which is the 
‘atio of graft dimensional increase to host dimensional increase expressed as 
percentage. This varied with the chemical agent used and was related to the 
extent of calcification and fibrosis grossly evident. Those having the least 
gross alteration at harvest were associated with the greatest dimen- 
sional inerease and were grafts treated with the chemical agents and 
then stored at -20° C. Preservation at room temperature gave good results 
only with grafts treated with ethylene carbonate. In the other groups main- 
tained at room temperature the homografts had more calcification and less 
size change than their counterparts stored at -20° C. Segments treated with 
ethylene imine were all severely calcified and had no appreciable dimensional 
increase. The greatest increases in graft length were in segments treated with 
ethylene oxide. The greatest diameter increase was seen in the ethylene ecar- 
bonate group. The comparative results are listed in Table II. Six grafts were 
isodimensional. Three of these were treated with ethylene oxide, two with 
ethylene carbonate, and one with propylene oxide (Fig. 1). 

2. Thrombosis. There were four instances of frank thrombosis, three in 
the ethylene oxide treated group and one in the group with ethylene e¢ar- 
bonate. In one treated with ethylene oxide the thrombosis completely oe- 
cluded the lumen and apparently was secondary to a marked size dispropor- 
tion at the time of implantation. Significant collateral circulation was not 
noted at the time of slaughter in this animal and no weakness or lack of 
growth was seen. The other thromboses, only partially occluding the lumen, 
were in various stages of organization, and had no apparent cause. 


TABLE IIT. DIMENSIONAL CHANGES IN HOMOGRAFTS HAVING ORGANIZED THROMBOSES 











| PIG | PIG | PIG | PIG | PIG | PIG PIG AVER- 
ANIMAL 266 258 251 229 247 246 250 AGE 
AORTA DIAMETER | 52 60 60 50 2% 68 58 54 
INCREASE (PER CENT) | 
GRAFT DIAMETER 16 10 0 0 —11 22 0 rf 


INCREASE (PER CENT) 


; In the grafts having a stenosing weblike thrombosis graft diameter failed to keep pace 
with the aortic diameter increase. These thromboses were either adjacent to the proximal 
Suture line or in the mid-graft area, suggesting a relationship to faculty hemodynamics, 
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Fig. 2.—A, Pig 326. This segment, treated with ethylene oxide one-half hour, was stored 
at room temperature for 65 days and implanted in the growing pig for six months. It is 
calcified and the recent red friable clot overlies an area where the calcification has broken 
the endothelial lining. B, Pig. 256. The triangular slightly raised white weblike organized 
thrombosis is 3 mm. distal to the distal anastomosis (to the right) in the host aorta. (Note 
the poststenotic dilatation beyond the constriction.) This type of thrombus appears to be 
secondary to a diameter disproportion and is precipitated by faulty hemodynamics. 
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Number 3 


In addition, 14 other grafts had circumferential, weblike, organized 
thromboses. These were all firm, smooth, white, triangular on cross section, 
and either located 2 to 4 mm. distal to an anastomosis or near the middle of 
the graft. These occluded the lumen to varying degrees and were related to 
diameter disproportions. The dimensional changes are shown in Table III 
where the seven that could be inflated satisfactorily are compared (Fig. 2). 


C. 











D. 


Fig. 2 (cont’d).—C, Pig 229. The organized thrombosis is in the mid-portion of the 


graft. The closed view shows the type of stenosis present. (Contrast this with the type of 
stenosis seen with ethylene imine treated grafts as shown in Fig. 11.) D, Open view of C, 
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3. Thinning and aneurysm formation. All grafts with significant dimen- 
sional increases were associated with some thinning at the ends. This had 
the appearance of a wide band of separation at the graft-host juncture. Th 
defect was bridged by fibrous tissue which was translucent to almost trans- 
parent in some instances. These thinned areas were never associated with a 
diameter greater than the host aorta nor were any abnormal dilatations seen. 
This thinning is shown in Fig. 3. The thinning was greatest in specimens hay- 
ing been treated with ethylene carbonate and ethylene oxide and least in the 
ethylene imine series. 








ai i |" wee | ai 


Fig. 3.—Thinning at the ends can be seen in this homograft which was implanted in tlh 


growing pig for six months. The ends, although translucent, have not dilated beyond tl 
diameter of the host aorta. A, Closed view. B, Open view. 
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One false aneurysm was present, occurring at a suture line, but the graft 
and host otherwise were not unusual. 

4. Calcification. Some grafts in every treatment regimen showed eal- 
cification. All ethylene imine grafts were severely calcified. Those treated 
with ethylene carbonate and propylene oxide showed the least calcification. 
Fifteen grafts were grossly free of calcification with approximately the same 
incidence in all groups except for propylene oxide. With this agent the per- 
centage of grafts without calcification was 50 per cent, about double that 
found in the other series. Calcification was also rated according to amount 
present as follows: (+) = A single plaque less than 0.5 em. in diameter; 


No. AG -336 


MM 1 2 


POTAAOTELOOTONE 





Fig. 4.—Pig 336. This represents the type of re-endothelialization seen in the better 
results. The anastomoses and graft are covered with a white glistening smooth layer. All 
the small irregularities have been filied in with organized thrombosis and covered with 
endothelium reducing the chances of further thrombus formation. 


(++) = 2 or more plaques or a single plaque with total involved area less than 
one-third of the graft; (+++) = Calcification involving more than one-third of 
graft intimal area; (++++) = Complete calcification on the homograft. This was 
found to be useful because there was a difference in the amount of ecalcifica- 
tion present whereas the actual incidence may not have varied appreciably. 
The average calcification in grafts that were calcified varied from 4+ with 
ethylene imine to 1.5+ in the propylene oxide series. 

5. Pliability and elasticity. Pliability varied with the extent of fibrosis 
and calcification present, being least in the grafts in the ethylene imine group 
and greatest in the segments treated with ethylene carbonate and propylene 
oxide. Elasticity was rarely present to any extent and was not associated 
With any particular treatment schedule other than being totally absent in 
grafts treated with ethylene imine. 
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6. Re-endothelialization. This appeared to be satisfactory regardless of 
the agent used. In most instances it was represented by a thin, translucent, 
smooth, glistening layer, appearing continuous with the endothelium of the 
host, covering the anastomosis, and lining the entire graft (Fig. 4). In sey- 
eral, this layer had been broken by erosion of underlying calcification. 


Fig. 5.—Pig 339. This illustrates a moderate degree of subendothelial proliferation. 
The intimal elastic membrane is clearly visible as a wavy band running longitudinally in the 
middle of the graft. The paucity of cells beneath this suggests the cellularity seen on the 
other. side is a result of deposits from the blood stream although the possibility that out- 
growth from the endothelium may contribute to this cannot be ruled out (internal surface 
at top, hematoxylin and eosin stain). 


Microscopic appearance :* 


1. Intimal layer. All homografts were lined by a layer of endothelium con- 
tinuous with that lining the host aorta. In some areas calcified plaques had 
eroded and were covered by organizing clot. All had some degree of sub- 
endothelial proliferation (Fig. 5). The thickness of this layer was least in the 
ethylene carbonate group and greatest in grafts treated with ethylene oxide. 
In individual grafts this proliferation was the thickest over the anastomosis 
and the least toward the middle of the graft. 

In the areas of web thrombus formation the appearance was that of an 
organized thrombus covered by the same endothelial layer as seen elsewhere. 


No calcification was seen in the subendothelial layer in the sections stud- 


ied. 


*We wish to thank Dr. Theodore Thorson of the Department of Pathology for very 
kindly reviewing the microscopy with us. 
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Fig. 6.—Fate of elastic fibers (hematoxylin and eosin stain). A, Pig 270. Most of the 


Some are condensed as seen in the lower portion of the section. 
B, Pig 322. The fibers are fragmented and stain irregularly. 
is toward the top of the picture and very little cellularity is 
to be well replaced by fibro- 
A scarlike area in 


fibers are distinct and wavy. 
Others are separated by cells. 
The intimal surface (not seen) 
present in the subintimal region while the remainder appears 
blasts, the cellularity being greater as one goes toward the adventitia.) 
the center is devoid of elastic fibers and is composed of fibrous tissue, 
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2. Media. (a) Cellularity—The media was thinner than the media of th: 


ae 


host aorta and consisted of condensed elastic fibers packed most closely next 
to the intima. The cells present appeared to be fibroblasts and were most 
concentrated adjacent to the suture line and adventitial surface and least next 
to the intima and toward the middle of the graft. The cellular invasion was 
greatest in the grafts with the least calcification and with the most norma! 
appearing elastic fibers. When the elastic fibers were distinct the cells and 
separated them giving the media a lattice-like appearance. In areas of eal- 
cification of the fibers the fibroblasts were arranged around the ealeified 
masses in a manner suggesting that the calcification oceurred first. 
No smooth muscle cells were identifiable by special staining.* 





Fig. 6 (cont’d).—C, Pig 333. The intimal surface is at the top. The elastic fibers in the 
center of the picture are condensed and calcified. Invading fibroblasts surround these islands 
and do not appear to separate the fibers. This suggests the calcification occurred early, before 
the host fibroblasts were able to proliferate between the fibers, 


Homografts with the least calcification had the greatest ingrowth of host 
connective tissue, and in some the latter had almost completely replaced the 
graft. 

Some grafts had large numbers of mononuclear cells seattered through- 
out the media and in greatest concentration in the adventitia and around the 
silk sutures. No polymorphonuclear cells or areas of necrosis were seen. 

(b) Fate of elastic fibers (Fig. 6)—Three things were observed to happen 
to the elastie fibers: They remained as intact, normal-appearing fibers either 
packed closely or separated by ingrowing fibroblasts; they became frag- 
mented, indistinet, or disappeared; and they presented a dark purple blue 
coloration and had the appearance of being surrounded by calcification. In 


*Gomori’s Trichrome and van Gieson’s, 
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the latter instance they often occurred as ‘‘islands’’ in a field of fibroblasts 
rather than being individually separated into a lattice-like arrangement by 
ingrowing fibroblasts as seen where calcification was not present. 

The elastic fibers could not be shown to cross the anastomosis and must 
from both the recipient aorta and from the graft have stopped abruptly 
(Fig. 7). In the grafts that were thinned at the ends no elastic fibers were 
visible in the connective tissue comprising these areas as shown in Fig. 8. 


= 


Fig. 7. 


Fig. 8. 


Fig. 7.—Pig 249. This slide stained for elastic tissue (Weigert’s stain) illustrates the 
abrupt ending of elastic fibers at the anastomosis. The segment had been implanted six 
months in the growing pig. The host aorta is to the right. 

Fig. 8.—Pig 321. This shows the thinned area adjacent to the anastomosis seen in 
some grafts. The host aorta is to the left and the intimal surface to the top. The elastic 
tissue stain (Weigert’s) fails to show elastic fibers in the thinned region which, if seen on 
higher power, is made up of fibrous connective tissue. The elastic fibers are clearly visible 
in the media of the host aorta to the left and of the graft to the right. 


3. Adventitia. No normal adventitia could be identified in any of the 
grafts. External to the elastic fibers of the media was either a layer of fibro- 
sis or an area of mononuclear cells and fibrosis. The extent of fibrosis varied 
and was very thin in grafts treated with ethylene carbonate and up to 3 mm. 
thick in grafts treated with ethylene imine. The mononuclear cells were seen 
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in this region in about 5 per cent of the grafts and were the only evidence of 
an inflammatory process present. They were invariably seen also around 
the silk sutures. 


Fig. 9.—A, Pig 333. This graft was treated with ethylene carbonate and implanted six 
months in the growing pig. Advanced bone formation with an Haversian system is present. 
B, Pig 246. This segment was treated with propylene oxide and illustrates the formation of 
cartilage in the graft. 
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4. Calcification (Figs. 6 and 9. This occurred in three forms: Apparent 
calcification around the elastic fibers; calcific plaques without elastic fibers 
present, having a somewhat erystalline appearance; and ealecified cartilage 
and bone. All occurred ony in the media. Grafts treated with ethylene 
imine and having complete calcification showed mainly the first type. 

In the instances of cartilage and bone formation it could not be deter- 
mined from the available sections if it occurred in areas of calcification or in 
areas free of preceding calcification. 

5. Vasa vasorum. Vascular channels were present in many and the de- 
gree of periarteriolar thickening or reaction seen did not seem related to any 
agent. All showed more ‘‘euffing’’ than seen in the host arota. No India 
ink injection studies as advocated by McCune, Thistlethwaite, Keshishian, 
and Blades (1952)1* were used in these experiments. 


Behavior of Host.— 

Surrounding graft: The extent of fibrosis around the grafts was least 
in the ethylene carbonate series with 7 of 13 having no detectable reaction 
external to the homograft. Where a thick layer was present it usually 
stopped abruptly at the margins of the graft and did not extend over the host 


aorta. 

On microscopic examination this layer was composed primarily of fibro- 
blasts. 

Reaction in adjacent aorta: This consisted of severe calcification with 
loss of pliability, elasticity, and growth. It was associated only with one 
chemical agent, ethylene imine, and was present to the same extent in every 
graft in that series. The distribution was peculiar in that it appeared to be 
confined to the area between the anastomosis and the level at which a tie had 
been placed around the host aorta during surgery to hold the plastic shunt 
in place. The area was sharply delineated. 

Several of these homografts had been reconstituted in saline overnight 
with repeated washing prior to implantation without altering the fate of the 
host aorta. 

On microscopic examination this abnormal area appeared identical with 
the homograft, having thickening of the subintimal layer, calcification of the 
clastic fibers, lack of cellularity, and a thickened layer of fibrosis external to 
the area (Fig. 10). 

CHEMICAL AGENTS 
Ethylene Oxide.—Forty-one grafts were treated with this agent. 
Short duration initial treatment (5-30 minutes in chemieal) : 


Stored at room temperature. The grafts were stored: (a) in chemical 
itself, 2 grafts; (b) in container after decanting chemical, 3 grafts; (¢) trans- 
ferred to container of aleohol, 4 grafts. There were no deaths in this group. 
Three had a partial thrombosis of the lumen and one had a false aneurysm 
associated with a leak at the proximal anastomosis. One was entirely free 
of calcification and was isodimensional after 180 days’ implantation. The 
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length dimensional index was 14 per cent and the extent the graft diameter 
kept pace with the increase in aortic diameter was 41 per cent. Most wer 
associated with minimal pliability and the calcification present averaged 2.64. 


A. 





: 
B. 
Fig. 10.—A, Pig 352. This is a low-power magnification of a homograft treated witl 
ethylene oxide. It represents the average graft thickness seen with this magnification rhe 
intimal surfaces of the two long segments face each other (is at top of bottom one and at 


bottom of middle one), while that of the upper smaller segment is at its iower surface. 
R, Pig 253. Under the same magnification note the extreme thickening and fibrosis most of 
which is external to this graft treated with ethylene imine. The intimal surface is to the to) 
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Stored in deep freeze at -20° C. The grafts were stored: (a) in chemical 
itself, 6 grafts; (b) in container after decanting chemical, 4 grafts; (¢c) trans- 
ferred to container with alcohol, 4 grafts. There were 4 deaths in this group, 
2 from graft rupture at 22 and 120 days postoperatively, and 2 from other 
causes at 1 and 60 days postoperatively. Three had some degree of organized 
thrombosis without an appreciably decreased size of the lumen. Two were tri- 
angular on cross section, weblike in appearance and located next to the prox- 
imal anastomosis. One, similar in appearance, was in the mid-graft region. 
The extent the graft length kept pace with host aortic length growth was 50 
per cent and with host aortic diameter growth was 38 per cent. Four were 
free of ealecification and the amount of calcification in those calcified aver- 
aged 2.2+. Pliability was very good and elasticity was present in 3. Several 
had considerable thinning although none had a diameter greater than the 
host aorta. One graft was isodimensional at slaughter. 


Long duration initial treatment: 
Stored at room temperature. The grafts were stored: (a) in container 
after decanting chemical, 4 grafts; (b) transferred to container of aleohol, 


5 grafts. 

Stored in deep freeze at —20° C. The grafts were stored: (a) in the chem- 
ical itself, 2 grafts; (b) in container after decanting chemical, 5 grafts; (c) trans- 
ferred to container of aleohol, 2 grafts. There were 3 deaths in this group at 
7, 11, and 150 days postoperatively. The last was due to graft rupture; the 
other two died of unrelated causes. Two grafts were almost completely oc- 
cluded by thrombosis. The graft length increase was 0 per cent of the length 
growth of the host aorta and the diameter change was 34 per cent of the di- 
ameter growth of the host aorta. One graft was free of calcification but most 
segments were heavily calcified having an average calcification of 3.4+. Most 
were nonpliable. Eight were considered stenotic. 

Ethylene Carbonate.—Seventeen segments were treated with this agent 
(40° C.) for one-half hour or less. 

Stored at room temperature: The grafts were stored: (a) in container 
after decanting liquid, 4 grafts; (b) transferred to a container of alcohol, 
5 grafts. No deaths occurred in this group. One slightly occluding throm- 
bosis was present in the mid-graft region. Graft length increase was 47 
per cent of aortic host length growth and the graft diameter inerease was 39 
per cent of the diameter growth of the host aorta. One graft was a com- 
pletely calcified shell and one was free of calcification. The extent of eal- 
cification in the calcified segments averaged 2.5+. Two were considered 
stenotie. 

Stored in deep freeze at —20° C.: The grafts were stored: (a) in con- 
tainer after decanting chemical, 6 grafts; (5) in aleohol, 2 grafts. There was 
one death at one month postoperatively, not due to a graft complication. The 
graft length increase was 37 per cent of the host aorta length growth and 
the graft diameter was 58 per cent of the host aorta diameter increase. One 
graft was a ealcified shell. The extent of calcification averaged 2.0+. Three 
were free of visible calcification. Most were very pliable. Minimal fibrosis 
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was present surrounding the grafts, with 7 showing no evidence of externa! 
host reaction grossly, and equaled the host in color, pliability, and thickness. 
These, however, were thinned at the ends and had no appreciable elasticity. 

Propylene Oxide.— 

Stored at room temperature: The grafts were stored: (a) in container 
after decanting chemical, 1 graft; (b) transferred to container of aleohol, 2 
eratts. 


A. 











B. 


Fig. 11.—Pig 220. This is typical of the segments treated with ethylene imine. The 
stenosis seen on the inflated closed view, A, shows no increase in diameter, not even at th 
ends. On the open view, B, the severe calcification extends about 1.5 cm. into the adjacent 
aorta. 
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Stored in deep freeze at —20° C.: The grafts were stored: (a) in container 
after decanting chemical, 2 grafts; (b) transferred to container of alcohol, 2 
grafts. There were no deaths in this group, and three instances of slight 
thrombosis. The graft length increased 39 per cent of the linear growth of 
the host aorta and the graft diameter kept pace with the host diameter growth 
42 per cent. Three were free of calcification and the remainder had an aver- 
age calcification of 1.5+. Pliability was present to an appreciable degree. Two 
were associated with minimal external fibrosis and 2 were considered stenotic. 

Ethylene Imine.—Seven grafts were treated with this chemical varying 
from 15 to 60 minutes. Two were kept at room temperature and the re- 
mainder were placed in the deep freeze after decanting the chemical. Despite 
prolonged reconstitution, up to 24 hours, all grafts were severely calcified 
stenotic tubes without significant dimensional changes.: Five had varying 
degrees of thrombosis. (Fig. 11.) 

In addition, all were associated with similar changes in the adjacent por- 
tions of the host aorta. 





DISCUSSION 

The purpose of this project was to explore the feasibility of using chem- 
ical agents to modify homografts in such a way as to facilitate preservation 
and delay in vivo degeneration without accompanying adverse effects. 

The chemicals tested were ethylene oxide, ethylene carbonate, propylene 
oxide, and ethylene imine. During the short period of initial treatment these 
agents appeared to alter tissue composition. This was suggested by extraction 
of lipid material during treatment, increased nitrogen content in grafts treated 
with ethylene imine, analyzed after thorough removal of the agent, and the 
differences seen in graft properties following preservation and again after 
implantation. 

This treatment was sufficient to prevent growth in tissue culture medium 
and the grafts were presumed to be dead. 

The group of chemically treated grafts yielded somewhat better results 
under certain conditions than were previously obtained in this laboratory 
using either fresh homografts or preserved homografts as reported by Kanar 
and associates (1954).8 The best results were associated with short duration 
initial chemical treatment (5-30 minutes) followed by storage at —20° C. 
These results were based primarily on the greater ability of the grafts to 
keep pace with the growing host aorta and the lower incidence of calcification. 
Dimensional changes, expressed as the percentage of the ratio of graft size 
increase to host size increase, indicated the chemical treatment permitted 
the homograft to enlarge more than either fresh or preserved homografts did 
under similar circumstances. This dimensional index, when applied to 
length, showed the chemical group average to be 16 per cent greater than the 
fresh homografts and 46 per cent greater than the delayed preserved homo- 
grafts. In diameter these differences were 53 per cent and 160 per cent 
greater, respectively. 

The histologic differences seen in homograft behavior were of degree 
rather than type. Grafts having good results presented a similar microscopic 
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appearance whether fresh, preserved, or chemically treated. Likewise, the 
poor results in all groups had a similar picture. The comparative rates at 
which these changes took place were not determined and the observations 
reported were those at the end of a six- to eight-month period in the growing 
pig. 

Re-endothelialization was complete except where there was erosion over 
underlying plaques. Subendothelial proliferation was uniformly present 
and was greatest over the anastomoses. The internal elastic membrane was 
usually identifiable. The media was thinned in most and represented by con- 
densed elastic fibers seen in every stage of degeneration from normal-appear- 
ing wavy bands to an homogenous pink-staining mass without distinguish- 
able fibers. This had no apparent relation to the chemicals used. In no in- 
stance were elastic fibers shown to cross an anastomosis. Calcification was 
usually present to some degree. Fibroblastic proliferation from the host 
was most intense adjacent to the suture lines and adventitial surface and 
least next to the media and toward the mid-portion of the graft. These his- 
tologie features are similar to those reported by Pate and Sawyer (1953)** for 
fresh and freeze-dried grafts; by Parsons, Gerbode, and Cox (1952)'° for 
preserved viable homografts; by Sauvage and Harkins (1953)*° for fresh 
and preserved homografts, and by Nyhus and associates (1955)*° for fresh and 


delayed homografts. 

Calcification was greatest in grafts treated with ethylene imine and least 
in the propylene oxide group. The ethylene imine grafts were all severely 
calcified exeept for a thin intimal layer and a very thick adventitial layer. 
The ealcification associated with this particular agent usually consisted of 
deposits surrounding the elastic fibers and had a unique appearance in most 
instances. These grafts did not increase in diameter which suggests this par- 
ticular form of calcification oceurred relatively early before either fibro- 
blasts could invade or dilatation could take place. 

Bone and eartilage were occasionally found in all groups on routine 
microscopic sections and undoubtedly would have been present in many more 
if serial sections had been made. These isolated depositions occurring within 
the media of the graft wall could not have originated as bone fragments pro- 
duced during the operation. Whether this metaplasia, similar to findings in 
clinical arteriosclerosis, occurred in areas of existing calcification or repre- 
sented a transition from connective tissue, secondary to some other stimulus, 
could not be determined from the sections. 

Elasticity was almost completely lost in all grafts despite microscopic 
evidence of intact elastic fibers. Pliability was retained to a normal degree 
in many and was related to the extent of connective tissue replacement of the 
graft. When the graft was incompletely replaced, calcified, or appreciably 
thickened pliability was diminished. 

Fibroblastie proliferation was most complete in segments having the most 
normal-appearing elastic fibers and the least calcification. The fibroblasts 
were so arranged around areas of calcified elastic fibers as to suggest that the 
calcification occurred first and prevented replacement of the area by host 


tissue. 
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Grafts which increased the most in size usually showed thinning at the 
ends. On section these areas were devoid of elastic fibers and composed en- 
tirely of fibrous connective tissue. These findings suggest that the dimension 
inereases are to a large extent physiological stretching in response to an in- 
creasing aortic minute volume. This thinning in no instance appeared to have 
an adverse effect as none showed abnormal dilatations or a diameter (under 
120 mm. Hg air pressure) greater than the adjacent host aorta. 

Grafts with the greatest dimensional change had the most complete con- 
nective tissue replacement, usually the most normal-appearing elastic fibers, 
and the least calcification. 

As part of the study, attempts were made, as outlined earlier, to store the 
grafts at room temperature following the initial treatment. Several of the 
grafts in the ethylene carbonate series gave very encouraging results with this 
form of preservation. Since these particular segments were maintained at 
room temperature an average of 60 days, similar homografts stored at —20° 
C. would most likely not be harmed by a failure of the refrigeration unit. An- 
other advantage of this chemical is that it is a solid at room temperature and a 
broken container does not mean a ruined graft or the escape of a toxic agent. 

In none of the other groups stored at room temperature were the results 
comparable to those obtained with preservation at —20° C. 

In a nonviable homograft, which is the most satisfactory state for large 
scale preservation at present, the best that can be hoped for is a nonealcified, 
pliable conduit for blood with a diameter comparable to the adjacent host 
vessel. The impression gained from this study is that if calcification can be 
delayed and the elastic fibers preserved for a long enough period the host can 
more completely replace the homograft and transform it into a viable func- 
tional structure. Such a unit can undergo physiological stretching in response 
to increasing load and thereby keep pace with a growing aorta in a growing 
animal. 

J. A. Key,’! commenting on a vascular homograft paper by Sauvage and 
Harkins (1952) and applying the observation of ‘‘ereeping substitution’’ seen 
in bone to arterial homografts, stated, “we need to learn more about preserving 
the connective tissue framework in such a way that the host will not react 
unfavorably to it and then we may expect it to be substituted slowly over a 
long period of time.’’ 

Pomerat (1954)*! discussing the observation that viability may actually 
be undesirable in arterial homografts said, ‘‘we should seek a method of 
preservation which assures its physical properties, but with the elimination of 
antigenic bodies.’? Nyhus and associates (1955)** reported the occurrence 
of a vascular homograft behaving as an autograft in a litter mate in the 
erowing pig and discussed the antigenic implications. Pate (1953)** reported 
that the antigenicity of grafts could be diminished by freeze-drying and Huf- 
nagel (1953)® felt a further reduction of antigenicity could be obtained if the 
homografts were treated with ethylene oxide before freeze-drying. Deterling 
and associates (1953)? and Pate and Sawyer (1953)*? have reported on the 
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possible favorable influence nonviability has on homografts. Antigenicity can 
kill a homograft but its importance in the fate of a nonviable arterial graft 
is unknown. Until studies are done utilizing viable and nonviable preserved 
autografts and freeze-dried autografts, the relative role of nonviability as such 
and antigenicity cannot be assigned. In our present state of knowledge thi 
term ‘‘antigenicity’’ is too speculative and at the same time too specific to 
completely explain nonviable homograft behavior. 

The lowered tendeney to degenerate, observed for example with the us: 
of ethylene oxide, is presumably brought about by chemical and physica! 
changes in the tissues and/or by solubilization and removal of material from 
the tissues. We have begun to study these possible changes systematically 
as deseribed in this report, postulating that with specific agents used under 
controlled conditions, the in vivo degeneration of arterial homografts can be 
altered to a useful extent. Our present efforts along this particular line are 
directed at further chemical and immunological studies in the hope of pro- 
ducing more predictable results and elucidating the mechanisms involved. 


SUMMARY AND CONCLUSIONS 


The possibility of modifying homografts with chemical agents in an ef- 
fort to reduce in vivo degeneration was studied by the implantation of 
chemically treated grafts. The agents used were ethylene imine, ethylene 
carbonate, ethylene oxide, and propylene oxide. The grafts were treated in 
the chemicals from 5 to 180 minutes. They were then stored 1 to 150 days 
before being implanted into the thoracic aorta of the growing pig. Storage 
was carried out at room temperature or at —20° C. with the graft in the agent, 
in its vapor after decanting the agent, or in alcohol. 

The ethylene carbonate treated groups had good results whether stored 
at room temperature or at —20° C. All grafts treated with ethylene imine 
were severely calcified and lacked dimensional changes. With the other 
agents the best results were obtained with initial treatment periods of one- 
half hour or less followed by storage at —20° C. 

The results with this plan of homograft management were in certain re- 
spects better than those previously obtained in this laboratory with either 
fresh or preserved homografts. Treated segments kept pace with the growing 
aorta to a greater degree and had less ealcification. 

Ethylene carbonate is a safe chemical. It is easy to use and appears to 
alter homografts favorably to provide a satisfactory method of preservation. 

Controlled chemical treatment of homografts may offer a _ predictable 
method of graft modification and a possible solution to the problem of homo- 
graft degeneration. 
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REBLE’S report, in 1900, of 60 cases of massive gastrointestinal hemorrhage 

focused attention upon bleeding esophageal varices as a clinical entity. In 
Welch’s series? bleeding varices accounted for 32 per cent of all patients with 
massive upper gastrointestinal tract hemorrhage. In patients with cirrhosis and 
upper gastrointestinal hemorrhage, bleeding varices were responsible in 59 per 
cent.* It is now generally agreed that esophageal varices are a consequence of 
portal hypertension; hence, current thinking for treatment favors procedures for 
reducing portal pressure rather than attempts to remove or obliterate the varices. 
It shall be the purpose of this discussion to consider the management of acutely 
bleeding varices, and the subsequent program designed to prevent recurrence. 


PATHOGENESIS AND PATHOLOGIC PHYSIOLOGY 


Taylor* has studied portal pressure by direct catheterization of the portal 
vein and concluded that “the cause of persistent increased portal hypertension 
is unknown. It is not likely the result of simple intra- or extra-hepatie ob- 
struction.” Such observations identify the controversial issues at stake in the 
pathogenesis of portal hypertension, but they in no way detract from the clinical 
significant differentiation, made a decade earlier by Whipple,® of the intra- and 
extrahepatic types of portal bed blocks. Understanding of the clinical problem 
has also been enhanced by study of the metabolic errors of liver failure, especially 
as regards ammonia retention. These factors merit separate comment. 

Intrahepatic portal bed block is predominantly associated with cirrhosis of 
the liver. Aleoholie and dietary factors are well documented in the etiology of 
cirrhosis. It seems reasonably clear that a pattern of “postnecrotie cirrhosis” is 
emerging as a complication of infectious and/or serum hepatitis, but there is 
still not complete agreement®® as to the sequence of events involved in this 
metamorphosis. Portal hypertension is also noted when there is liver involve- 
ment during the course of Schistosomiasis,!° Boeck’s sareoid,’! hemochromatosis, 
syphilis,* Cruveilhier-Baumgarten syndrome,'* and in association with peri 
earditis..° Perhaps the oldest and most widely accepted theory of intrahepatic 
block is one of hepatic fibrosis with compression of the portal venous radicles. 
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McIndoe* believed the hepatic venules were more likely compressed. Kelty’s 
group” has directed attention to the pressure distortions of all intrahepatic veins 
in consequence of irregular islands of regenerated liver cells. Further, Mosch- 
cowitz’® has emphasized the role of a transmitted hepatic arterial pressure to the 
distorted collateral venules as a source of increased portal pressure. 

Extrahepatic portal bed block is usually the consequence of intraluminal 
thrombosis with or without recanalization, or extraluminal compression, either 
by tumor or inflammation, and often of pancreatic or retroperitoneal lymph node 
origin. Primary thrombosis of the portal vein may occur in utero or after birth. 
It has been postulated that umbilical vein thrombosis may extend to involve the 
portal vein.’* Blunt and penetrating injury as well as such thrombophlebitic 
diseases as polyeythemia vera'® have also been indicted as a cause of portal 
thrombosis. The site of segmental thrombosis may be the splenic vein, the 
mesenteric radicles, or the portal vein proper. Attempts to restore circulation 
when the portal vein is obstructed may infrequently lead to the situation of 
cavernomatous transformation wherein portal collaterals entwined about the 
thrombosed portal vein enter directly into the substance of the liver from its 
undersurface. We have noted this anomaly in only 2 of 60 patients. 
Klemperer”? postulated that it was due to malformation, angioma, or thrombosis 
of the portal vein. 

Elevated blood ammonia concentration as a consequence of hemorrhage into 
the gastrointestinal tract has been noted by both McDermott”! and Gabuzda.”* 
They believed that urease-forming bacteria in the gut break down residual 
nitrogenous compounds from the blood with the production of considerable 
ammonia. The portal venous blood, failing to gain access to the urea-conjugat- 
ing mechanism of the liver, is emptied directly into the systemic circulation. 
The spinal fluid ammonia is often correspondingly elevated.** There is con- 
siderable correlation of the onset of coma and the attainment of a blood am- 
monia level of 300 y per cent, but as yet it is undetermined whether this is 
causal, coincident, or constant. Suffice it to say here that hepatic failure and 
coma are often precipitated by a bleeding episode and that these complications 
eventuate, too frequently, into a fatal outcome. Of current clinical interest is 
the possibility that shunt procedures, increasing the diversion of portal blood 
into the caval system, may foster an increased blood ammonia and coma of the 
‘“‘meat intoxication”’ type. 


DIAGNOSIS AND TREATMENT 


Diagnosis of Esophageal Varices as Site of Massive Gastrointestinal Bleed- 
ing.—The certain identification of bleeding esophageal varices as the sole source 
of a massive gastrointestinal hemorrhage is one of the most difficult, hazardous, 
and tedious problems in clinical surgery. Almost all of these patients represent 
emergeney admissions and rarely are they accompanied by friends or relatives 
competent or willing to give a reliable history. At times these patients can- 
not give their own histories. The frequent association of gastrie uleer, duodenal 
ulcer, aleoholic gastritis, and superficial gastric erosions with cirrhosis are 
further sources of diagnostic confusion. 
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Clinical clues usually relate to the diagnosis of cirrhosis rather than to th 
varices themselves. These include ‘‘liver palms,’’ spider angiomata, spars 
pubic, axillary, and facial hair, smooth skin, and, in men, hypertrophy of th: 
breasts. The caput medusae of anastomatie collaterals around the umbilicus 
and hemorrhoids may be present. Occasionally, the vomitus consists of cigar- 
shaped clots of esophageal configuration without peptic digestion, but this is hy 
no means constant. Some patients complain of epigastric pain prior to vomit- 
ing, but others say they have only a warm feeling behind their sternum and 
forthwith vomit blood without any pain whatsoever. 

Laboratory clues are of considerable value, and greatest reliance has been 
placed on prothrombin times and blood ammonia determinations. The Brom- 
sulphalein test of liver function has been markedly abnormal in patients with 
cirrhosis of the liver and minimally altered in patients with duodenal ulcer, but 
it is a bit too tedious for the emergency situation so frequently encountered. 

The prothrombin content of plasma is consistently lowered in cirrhotic 
patients to 50 per cent of normal or less, and both spontaneous recovery and the 
response to vitamin K are retarded. These findings have been emphasized and, 
by way of contrast, compared with the situation in bleeding duodenal ulcer 
wherein prothrombin times are rarely prolonged initially and respond rapidly 
to supportive treatment or vitamin replacement.** 

The blood ammonia content is a recent estimation, but has been consistently 
normal in patients with bleeding duodenal ulcer. It has been elevated to twice 
or three times the normal value in patients with underlying liver disease and 
active bleeding into the intestinal tract. The test is further helpful in predict- 
ing the onset of hepatic coma. 

Evidence of hypersplenism is oceasionally noted as pancytopenia with 
thrombocytopenia serving as the distinctive feature of the blood picture. 

Direct study of the esophagus has been an unrewarding activity during the 
phase of active bleeding. Even in patients not actively bleeding, varices are 
irregularly demonstrated by roentgenogram. It is understandable that the 
oligemie patient may have a lowered portal pressure with diminished delinea- 
tion of the varices. Esophagoscopy holds some promise, but frequently re- 
gurgitation from the blood-filled stomach makes this an unsatisfactory and, 
at times, a fearsome procedure. 

Precise diagnosis may have to wait until the bleeding episode is controlled 
and even then may only be proved at exploration by the use of splenoporta- 
grams and direct pressure measurements. 

Control of Hemorrhage.—Existing shock demands transfusion of whole 
blood. In general, volume replacement is governed by clinical signs of peripheral 
circulatory sufficiency. These are generally reliable, but in the deeply jaundiced 
patient there may be neurogenic hypotension. Blood volume measurements, 
chiefly with radioactive iodinated human serum albumin,?> have occasionally 
proved helpful. Freshly drawn whole blood is preferable to stored blood be- 
‘ause of its increased prothrombin and lesser ammonia content. 
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Pneumatic tamponade has been the safest and most expeditious technique 
for immediate control of bleeding and constitutes an accurate differential 
diagnostic maneuver. Once tamponade is achieved, the continuing aspiration 
of bright red blood identifies the source of the bleeding as gastric or duodenal 
rather than esophageal.*° 

Preble’ mentioned, but discounted, an earlier suggestion, attributable 
to French physicians, that a soft rubber tube distensible with air or water be 
passed to the lower end of the esophagus where pressure control of the rup- 
tured varix might be possible. Tamponade was first used by Westphal®* in 
1930 and the Gottstein sound (an inflatable balloon on a length of whalebone) 
was used successfully to control bleeding in 2 patients. Recent modifications 
of this technique represent technical refinements, but are in accord with the 
basic concept of Westphal. A single-balloon tube was used by Rowntree and 
his associates.** The first use of the double-balloon tube, as far as we ean 
determine, should be attributed to Bixby,” but his tube had no aspirating 
lumen. A four-lumen tube was introduced by Patton and Johnston* in 1949 
to provide for inflation and deflation of separate gastric and esophageal 
balloons as well as for aspiration of blood and secretions. Similar tubes have 
been introduced by Sengstaken and Blakemore,*' and Nachlas* has introduced 
a single-balloon tube recently. 

Pneumatic tamponade will usually control bleeding from esophageal 
varices, but we have had one failure of the gastric balloon to control a bleed- 
ing varix in the upper end of the stomach. Careful attention to the details of 
placement of the balloons and subsequent maintenance of an effective hemostatic 
pressure are essential to success. Pressure control is best achieved by connect- 
ing the balloons to water or mercury manometers to assure continuous 
tamponade. The effective pressure varies with the compliance of the balloon 
and its relative size. One of us personally sought to define the maximal safe 
pressure and found that twelve hours with a pressure of 59 em. of water 
(590 mm.) was tolerated, but esophagitis and tracheitis followed. Ulceration 
of the nares and esophageal erosions are acknowledged hazards of this type of 
intubation and are minimized only by meticulous and contant supervision of 
balloon pressures. 

Effective tamponade is usually apparent in six to twelve hours and should 
not be prolonged beyond twenty-four hours because of the coincident edema 
and inflammation of the involved area.*! If bleeding recurs upon deflation 
of the upper balloon after initial control, surgical intervention should be 
seriously considered. In one patient explored for massive bleeding and found 
to have varices, a tube was introduced through the gastrotomy wound sewing 
it to the Levine tube and drawing it out through the nose in retrograde 
fashion. The patient was satisfactorily resuscitated and subsequently a suc- 
cessful portacaval shunt was performed. 

Other methods of arresting the hemorrhage by conservative means have 
been advoeated from time to time. Loeal application of tannic acid is cited 
by Kaplan,** but details and proponents are not available. Transesophago- 
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scopic injection of varices was first reported by Crafoord and Frenckner* in 
1939, but only Moersch and his associates** in this country appear to have 
adopted it for serious practice. 

Operative Intervention for the Control of Acutely Bleeding Esophageal 
Varices.—In our experience there has been minimal salvage in the group of 
patients in which pneumatic tamponade failed to control bleeding. Several 
operations have been proposed : 

Splenectomy***° was the first procedure widely used for the control of 
acutely bleeding varices. Successful results are largely limited to the group 
of patients wherein segmental occlusion of the splenic vein alone is responsible 
for extrahepatic portal hypertension. In the cirrhotic patient it fails to 
significantly reduce portal pressure.*” 

lagation of coronary veins,*' with an attempt to identify the most significant 
dilated vessels around the upper end of the stomach, has also been tried with- 
out significant success. 

Arterial ligation was introduced in 1918 by Blain* in his advocacy of 
splenie artery ligation. More recently, both Rienhoff** ** and Berman*’ have 
advocated ligation of the hepatic, gastric, and splenic arteries. The clinical re- 
sults have been variable and, although there has been some enthusiasm, 
Madden’s*® report has enhanced skepticism of the validity of this approach. 

Mediastinal tamponade of the varices by packing introduced around the 
esophagus was introduced by Som and Garlock*? in 1947. At first, attention was 
directed to the cervical approach, but later a transpleural approach was adopted. 
This method has failed to be adopted widely. 

Transesophageal ligation of varices was proposed in Holland in 1949 by 
Boerema.*® It was reported that a transthoracic approach to the lower third 
of the esophagus permitted suture ligation of the bleeding vessels and the direct 
injection of sclerosing solution between ligatures. Crile*® and Linton®’ have 
advocated this approach, but it is apparent that its greatest usefulness is in 
patients with extrahepatic portal hypertension.®*! Coexistent hepatic insufficiency 
contraindieates the procedure in most instances because of the associated defect 
in wound healing with the risk of mediastinitis. 

Esophagogastric resection®? has undoubtedly been tried but the scarcity of 
reported results leads to the conclusion that few patients have been selected for 
so formidable a procedure and that results have not been uniformly successful. 
Cole®* believed that transection of the cardia with ligation of the veins and an 
anastomosis is preferable to an emergency portacaval shunt. For the desperate 
situation wherein bleeding must be stopped by direct surgical intervention, this 
would appear to be the procedure of choice with the full knowledge that it is 
only the first stage of the ultimate operative management of the basic problem. 

Emergency portacaval shunts have been performed but, apart from thie 
success recently reported by Child,** the salvage has been discouragingly meager. 

Subsequent Management of Varices After Control of Hemorrhage.—Atter 
bleeding has stopped, dietary planning coordinates the features of an ulcer 
regimen with protein limitation as dictated by the blood ammonia level. 
Atropine-like drugs are used to decrease acid-pepsin activity and the patients 
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are advised to sleep in a semisitting position to decrease the likelihood of 
esophageal reflux of gastric juices. Whole blood and vitamin K are used as 
necessary. As convalescence becomes established, attention is directed in- 
creasingly to programs accepted as optimal for the treatment of hepatic in- 
sufficiency. 

A single serious hemorrhage is regarded as an indication for elective surgical 
decompression of increased portal pressure. Linton’s® criteria of operability 
have proved useful in the evaluation of the patient’s readiness for a shunt proce- 
dure and we add two more. No patient, in our experience, has achieved this 
status in less than three months following a major hemorrhage. Candidates are 
rejected whenever any of the following is present: (1) a serum albumin below 
3 Gm. per cent; (2) total serum bilirubin in excess of 4 mg. per cent; (3) pro- 
thrombin time less than 60 per cent; (4) Bromsulphalein retention of more than 
30 per cent at forty-five minutes after 5 mg. per kilogram of dye; (5) blood 
ammonia levels consistently elevated above 100 y per cent; (6) clinical impression 
that the patient is a poor risk. 

Portacaval shunts for portal hypertension.—A portacaval shunt was first 
performed for a patient with ascites by Rosenstein in 1912. Current interest 
in these procedures stems from Whipple’s basic considerations and the ad- 
voeacy of end-to-side portacaval shunts by his colleagues, Blakemore and 
Lord®* in 1945. Rousselot®? has advocated splenorenal shunts with coincident 
splenectomy on the basis that portal blood volume is reduced (by about 40 per 
cent) and that hypersplenism is relieved. Johnston®* has argued, on the other 
hand, that preservation of the spleen preserves established portacaval col- 
laterals and reservoir function. 

Selection of the optimum site for performance of the shunt has been facili- 
tated by the introduction of splenoportagraphy, as proposed by Abeatici and 
Campi®® in 1951. Although we have injected the spleen percutaneously as 
originally proposed, our preference is increasingly for puncture of the spleen 
under direct vision at the time of operation. We do not agree with Child’s 
recommendation of pereutaneous preoperative splenic puncture,®’ for with- 
drawal of the needle may occasionally be associated with a significant blood 
loss (up to 400 ¢.¢.). Reynolds*' recently emphasized the hazard of hemor- 
rhage after percutaneous splenography in the presence of portal hypertension. 

Both the classic Eck’s fistula (end of portal vein to side of cava) and the 
splenorenal shunt have been demonstrated successful in the lowering of 
portal pressure. Our interest has led us increasingly to advocate the side-to- 
side portacaval anastomosis with preservation of the spleen and its associated 
collaterals. Objection to Eck’s fistula stems largely from the knowledge that 
regeneration of the liver cannot proceed in the absence of portal cireula- 
tion.®* ** Additionally, it would appear that there is a greater likelihood of 
meat intoxication with total diversion of portal blood into the systemie cireula- 
tion. Experimental confirmation of this latter concept is apparent in our 
current dog experiments. 
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Elevation of blood ammonia, as an index of meat intoxication, is being 
reported with increasing frequency as a late consequence of end-to-side shunts. 
In the recent book by Child,®® he reported that of 30 Eck’s fistulas there were 
8 instances of coma with 5 deaths. Havens and Child® reported one other case 
from the literature. Four more cases have been added by McDermott, Adams, 
and Riddell.*1. Jahnke® ‘* reported postoperative coma with death in 2 cases 
of 22 Eck’s fistula type shunts performed for intrahepatic block and added an- 
other where end-to-side anastomosis was performed in Cruveilhier-Baumgarten 
syndrome with death in coma on the sixth postoperative day. By way of con- 
trast, a recent search of the literature has revealed only 4 cases of hepatic 
coma following the performance of a side-to-side anastomosis.® °° Linton” 
has called attention to the relative infrequency of ammonia intoxication after 
splenorenal shunts.** It is necessary that further observation on meat in- 
toxication, blood ammonia levels, and coma in the 2 types of shunt be avail- 
able for study as soon as possible. 

Splenorenal shunts are technically more difficult and Rousselot®* has 
emphasized the necessity for vein grafts in some instances. Vein grafts may 
also be necessary for portacaval anastomosis when hypertrophy of the caudate 
lobe makes approximation impossible.®® Julian*® questioned the advisability of 
such grafts because of the possibility of atrophy of the graft in the face of 
lowered pressures in the portal circuit following portal decompression. Appre- 
hension about vein grafts in a low pressure circuit is certainly justified. 

Shunts between radicles of the superior mesenteric vein and the inferior 
vena cava has been recommended when there is portal thrombosis. This type of 
shunt was performed in side-to-side fashion using the superior mesenteric vein 
and the inferior vena cava six years ago* with continued satisfactory health, 
although there has been some evidence of diminished liver function postopera- 
tively. Similar experiences have been reported elsewhere. 

Esophagogastric resection as an elective operation.—Phemister and Humph- 
reys? performed total gastric resection in one patient for bleeding varices with 
the thought that excision of the varices and further visceral resection after 
splenectomy might favorably influence the course of extrahepatic portal hyper- 
tension. Baronofsky and Wangensteen‘! have advocated total gastrectomy 
for both intra- and extrahepatic portal hypertension with the thought that 
acid-peptic reflux was responsible for esophageal erosion and subsequent bleed- 
ing from varices. Although some success attends this procedure in extra- 
hepatie portal hypertension, we have found it hazardous for the patient with 
cirrhosis. Not only is the operation rendered tedious by the extensive col- 
laterals, but there is serious impairment of nutrition and retarded liver repair 
in the postoperative phases. Furthermore, we have had one patient with recur- 
rent massive hemorrhage after total gastrectomy who is doing well again eight 
months after side-to-side portacaval shunt. It is this experience that would 
prejudice us to advocate elective portacaval shunt in a patient salvaged from 
an episode of hemorrhage by emergency esophagogastric resection. 


*Service of Dr. C. G. Johnston, Detroit, Mich. 
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SUMMARY 


1. Problems in the diagnosis and management of bleeding esophageal varices 
have been reviewed. 

2. Pneumatic tamponade has been presented as the treatment of choice for 
acutely bleeding varices. 

3. Esophagogastrie resection is suggested as the procedure of choice when 
conservative measures fail to arrest acute bleeding. 

4. Portacaval shunt has been endorsed as the treatment of choice at a 
time of election for the prevention of further massive hemorrhage. 

5. It has been suggested that ammonia accumulation in the systemic cireu- 
lation is a serious complication of portaeaval shunts requiring further evalua- 


tion. 
6. The possibility of lessening the hazard of meat intoxication by perform- 
ance of side-to-side shunts in preference to end-to-side shunts has been con- 


sidered. 
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Errata 


In the article by Irving M. ArteL, M.D., entitled ‘‘The Treatment of Primary and 
Metastatic Cancer of the Liver” (SurGERy 39:70-91, January, 1956), the following corrections 
should be noted. In Table III, on page 82, the center portion, beginning with ‘‘ Bromsulpha- 
lein’’? and ending with ‘‘Cholesterol—total mg. per cent’’ is printed correctly below, under 


the column headings: 


























3 WEEKS 5 WEEKS 10 WEEKS 14 WEEKS 20 WEEKS 
AFTER X-RAY | AFTER X-RAY | AFTER X-RAY | AFTER X-RAY | AFTER X-RAY 
PATIENT (ETC. ) THERAPY THERAPY THERAPY THERAPY THERAPY 
Bromsulphalein 
mg. per cent 15’ 53 55 45 57 54 
mg. per cent 30’ 44 36 36 40 44 
mg. per cent 45’ 36 30 32 38 39 
Cephalin floe. +1 +1 Neg. Neg. Neg. 
Cholesterol—total 160 230 285 242 170 


__mg. per cent 





On page 86, the seventh line from the bottom should read as follows: ‘‘... followed 
by 10 me. of P32,’’ (ete.) On page 87, the last entry under column 2, ‘‘ Diagnosis,’’ should 


read ‘‘Reeurrent Clear Cell Cancer of Liver.’’ 


In the article entitled ‘‘ Survival for More Than Five Years After Pancreatoduodenectomy 
for Cancers of the Ampulla and Pancreatic Head’? by CLARENCE DENNIS, M.D., AND RICHARD 
L. Varco, M.D., (SurGERY 39:92-106, January, 1956), Fig. 2 on page 102 should be com- 
pletely reversed as to top and bottom. 
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